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APPMIX 1.D.2 WC t(orstan of the OPSIlE k4odn1e RITFIL (Conttr:ecefl)

3300 FORsvAT (2I5)
C

DO 100 I ffi 1. NIN
Q(I) m Q(I) * NYJNIT(INUT)
WRITE (OUT, 3400) ELTI(I). AWI(I). (NSDLD(,l,I).J=1,5),

Q(I), QI(I), QJ(I). QK(I)
3400 FORMAT (A2,A6,5I1.4(1PG10.2))
100 CONTINUE

C
C--- CLOSE FILE AND REl11RN ------------------------ --------------------
C

ENDFILE OUT
CLOSE (UNIT=OUT)

C
RETURN

C

C--- ERROR ROUTINES ------------------"-_--_-'__--_-^------------°----
C

992 WRITE (SCRN.9920)
9920 FORMAT (TOERROR IN CPEN:iSG OUTPUT FILEt)

GO TO 200
C

994 WRITE (SCRN.9940)
9940 FORMAT (IOERROR IN CLOSING OUTPUT FILEt)

STOP
C
C

C---------------------------------^------'------------------------------
END
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NOTICE

This reS•ott was prepared as an account of svark sp.ottjtua-0 tr,+ an aabanCy of t94 UniGtd G•atva
Governrrz,'tt. t,aither thr United Statos Govarnna:nt nor any aCwtty tEnreof, or any of Yieir

emFtoyees, makes any wartanty, eXprasLBd or inepiied, or assumes any t._4 ti•rhittty of rr•

sponci4,lity for any third party's use, or the reusits of such e:sa. of any nntWraa;iGts, a6pcratus,

prnduct or tn'o_ess discrasad in this repprt, or represents that its use by such third Easrty w*uu%d

not infrinZe pr;vat¢ty owned rights.

NOTICE

Availability of Reference k4ateriels Cted in NRC Publications

Most documents cited in NRC publications will be available from one of the fotio.ving sourers:

1. The NRC Pubfic Document Room, 1717 H Stra2*, N.W.
Washington, DC 2C555

2. The NRC/GPO Sates Program. U.S. Nuctatr Reyutatory Contmission,
Washington, DC 20555

3. The National Technical Information Service, Springfield, VA 22181

k.ithouyh the listing th4t follows repnessnts the majority of doeum.nts cited in NRC publkat!dtis,
it is not intended to Its exhaustive.

Referenced documents available for Inspaction and copying for a fee from the NRC P'ub.k: Dnruu-
ment Room include NRC co-respondance and internal NRC mamoranda; NRC Offr_e of irr.yaactan
and Enforcement buttetim;, circulars, info.-maeion notices, Insy.ction and investigation rwtitta;

_icens:e Event Reports; vendor reports and correspondertca; Commission papers; and appilant and
licensee documents and correxpondence.

The follovving documents in the NUREG seriea are available for purcfuna from the NRC/GPO Sarss
Program: formal NRC staff and comrector reporta, NRC:ponsorud con*erence protvadings, and
NRC booktets and brochures. Also avaibbte are Regulatory Gui&s, NRC regutations in the Cocdr dP
Federal Regulations, and Nuckar Regulatory Commission /uuanros,

Documents available from the National Technical information Service include NUREG mi2s
repo:ts and technical reports prepared by othe• fedaral agtncies and reports preparcd by the Atomic
Enerqy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical tibraries includo all open titeraterre iterm
such as books, journal and periodicat articles. and tran;actions. Fet4rsf Rep+eter nonces, fed2rat and
state legislation, and congressioral reports can usually ha obtained from these hbraries,

Documents such as theses, dissertations, foreign reports and translations, and nomNRCconfevance
proctn.tifigs are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports ate available free, to the extent of supply, upon written request
to the Division of Technicai Information and Document Control, U.S. Nuclear Regulatory Com•
mission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NaC regulatory process
are maintained at the NRC library, 7920 Norfolk Avenue. Bethesda, PAaryland, and are avsi4b{
there for reference use by the public. Codcs and standards are usually copy,i9hted and may be
purchased from the originating organization or, it they are Amvrimn National Standarda, from the
American National Stan,-', r.is tnstitute, 1430 8roadtwy, New York, NY 10018.
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BFFESC)EX 1.0.2 C31C ((®rs4err nf the ONSITBE EAavvles RYTFIL (C¢s:21nued)

_ ENDFILE OUT
BACKSPACE OUT

C
WRITE (OUT.3101) (TITL(I), I=1,20)

3101 FOF"uAAT (' ', 20A4/,' SINPUT NEXT=1,')
C
C

WRITE (OUT, 3110) IFOD. IA.RG, IWAT, IEXT, ISUR, IAIR
3110 FORMAT ( ' IFOD=',I1,',IARG='.I1,',IWAT='.I1,',IEXT=',I1,','/

t ISUR=',I1,', IAIR='.II,',')
C

IF (IFOD GT. 0) WRITE (OUT, 3120) RIRR, IMO, RF1, RF2

3120 FORRIAT ( ' RIRR=',G10.3,', IMO=1,I1,
'. RF1=',G10.3,', RF2=',G10.3.',')

C
WRITE (OUT,3022) RPF1. RPF2

3022 FORMAT (' RPF1= ',Cil 0.3,', RPF2= ',G10.3,'.').
C

IF (IWAT GT. 0) WRITE (OUT.3130) IDKWAT
3130 FORMAT (' IOKWAT=1,11,',')

^ C
IF (IAIR GT. 0) WRITE (OUT,3140) XQSITE. IDKAIR

3140 FORMAT (' X(ISITE='.G10.3,', IDKAIR='.I1.'.')

C

co IF (INNAL EQ. 1) WRITE (OUT, 3150) AGE, XDPT

3150 FORNtAT (' AGE=1,G10.3.1, XDPT=',G10.3,'.')
1!S C

IF (INHAL EQ. 2) WRITE (OUT, 3160) DEN, XMLF
3160 FORMAT (' AGE=-1. OEN='.G10.3,'. XNLF='.G10.3,',')

C

cm WRITE (OUT. 3170) RINH, DILF. XF2
' 3170 FORMAT ( ' RINH=',F10.6,', DILF=',G10.3.', Y.F2=',G10.3.'.')
^ C

WRITE (OUT,3180) M3M2, INIRUD. 122
LV 3180 FORMAT (' M3M2=',I2,', INTRUD='.I1,', I22='.Il,e,f)

C
CT WRITE (OUT.3190) ITI. I12. NORG. ( KORG(I),I-1.NORa;)

..S 3190 FORMAT ( ' IT1=',I4.'. IT2='.I4.', NORG=',I2,
I . ', KORG(1)='.5(I2,','1 )^

C
WRITE (OUT,3192) SRDIL, FRSIZ, AREAIN, AREAEX

3192 FORMAT(' SRDIL=',G10.3,'. FRSIZ=',G10.3,', AREAIN=',G10.3,','/
' AREAEX= '.G10.3.',')

C
WRI1c iOUT, 3200) IOUT

3200 FORMAT (' IOUT.=',I2,1. IGN=1, SEND')
C
C--- ADIUST INVENTORY TO PROPER UNITS AND WRITE TO FILE ----------------
C

' WRITE (OUT, 3300) NIN, IRR
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The ONSITE/MAXII computer software package was developed for use by NRC in reviewing
license apalications for onsite disposal of radioactive waste. The ONSITE/MAXI1 package
(June 1984 vers2on) permits dose pathway analysis for scenarios of an intruder into the
disposed waste. The inteprated software package consists of the ONSITE and MAXI1 com-
puter programs, a data base of dose factors and radioactive decay information, two
auxiliary computer proqrams (MAXI2 and MAXI3) that allow modification of the data base,
and system procedures that both control program execution and reduce user interaction
with the computer operating system. The interactive program ONSITE is used to generate
input for MAXI1, which is then used to calculate the maximum annual dose to an exposed
individual. Five representative human-intrusion scenarios are presented in the ONSITE
program. The ONSITE program assists the user iri defining a scenario by including default
values for the various parameters, logically preserrting applicable parameters for user
modification in "English-phrased" statements, ai;d testing user input aoailist allowable
pl:rameter ranges. ONSITE-generated files may then be directly submitted for MAXI1
execution. Exposure pathways that can be evaluated in MAXI1 include direct external
exposure to contaminated soil or building surfaces, inhalation of resuspended material,
and ingestion of drinking water or terrestrial or aquatic foods.
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RFe^cl^dlk E.H1.? t^ Vers4ooa of the MIT'E EfcdssPo 6dIt'FIL aC.ortfn:wd)

IF (ILOC EQ. 1) WRITE (OUT, 3044)
C3044 FOrVAT (°ASSIGN CDIO.NEW]VOLSOURCE.SUR FOR027°)
3044 FORBAT (° ATTACH.TAPE27.S°OLSOIiRC,IDnZZ(L"lRC.°/

r RE#INC.TAPEe7.+1
C

IF (ILOC EQ. 2) WRITE (OUT, 3041)
C3041 FOR?AT (+ASSIGN Ec3I0.NEPi1^oURIEDHF.DAT FOR0771)

" - 3041 FOF7dAT (t ATTARi.TAPE27,8URIEDHF.ID=ZZ"rL`.RC.t!
° REIaIND,TAPE27.°)

C
F,. IF (ILOC.EQ. 3) kRI7E (OUT, 3042)

C3042 FORMAT 0ASSICN CBIO.NEW]BURIEDI.DAT FOR02]1)
3042 FORMAT (t ATTACH,TAPE27,BURIEDI.ID=ZZP.NRC.°/

+ REWIND.TAPE27.1)
C

WRITE (OUT, 3050)
C
C3050 FORf4AT ('ASSIGN EBIO.NEW]RAtOLIB.DAT FOR010°/

`~p• C °ASSIGN LBIO.NEWIFILE23.OAT FOR0239
3050 FORkAT (° ATTAC^i,TAPE10,RMOLIB,IDeZ7.RNRC.°/(^

. ° ATTACH,TAPE23.FILE23,ID=ZZRNRC. V
I REWIN7,TAPE10.°/
p REWIND,TAPE23.1)

C
C
C--- CALCULATE (AITPUT YALUES ---------------------------------°------
C

0.0 RPF = RPF1
IF (RPF2 GT. 0.) RPF = RPFI R RPF2

6 'V

1 04

Sm1

cy+

^
7i

y

IF (INHAL EQ. 0) RINH 0.0
IF (INHAL EQ. 2) AGE -1.0

C

C
C
C---- EXECUTE COHb)AND. TITLE, AND NAMELIST
C
C
C

WRITE (OUT, 3100)
C
C3100 FORMAT 0 RUN CBIO.NEWIHAXIl°/20A4/1 fINPUT
3100 FORuuAT 0 ATTACH„40S,MAXIlABS,ID=ZZRNRC.°/

v COPY.ABS,LS0.#/
t RET1JRN,/3S.°/
t MAP,OFF.°/
0 ATTACH,LIB1,FTNSLIB,CY=590.t/
I ATTAGH.LIB2,SYSLIB7,CY=540.°/
I LIBRARY,LiB1.LIB2.'/
I LDSET,PRESET=ZERO.°/
I LOU.')

NEXT=I,°)
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". ^ kra^EEGJgX 1.0.2 WC V©s's4(o-n of Q.4m ONSM PWm3® RITFIL (Csrs49eu3o6)
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Ln
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/

4002 FORMAT ('0',14X,'ENTER YOUR CDC F)20(3LEM NOs')
READ (KEY.4001) PRBLM

C
C-- INSERT JOB CQN1ROL REC( RDS FOR BATt7H PROCESSING ----------------
C

WRITE (OUT,3000) ACUT,ACNT. P(:BLW.. Pt'o3!.4
3000 FORMAT (A5,',STKFZ,G24150000,EC400,T177.'/

C
C--- ASSIGN LIBRARY FILES TO LOGICAL UWIT DEVICES -------------------

C IF (IFOD GT. 0) WRITE (DUT, 3010)
WRITE (OUT,3010)

C
C 3010 F0. '4T ('ASSIGN (BIO.NEW]FILE20.OAT FDPA920'/
C . 'ASSIGN CBIO.NEa]FILE2I.DAT F0R021')
C
3010 FORMAT (' ATTAGf,TAPE20.FILE20.I0=ZZRNRC.'/

ATTACH.TAPF21.FILE21.IDaZ:R1:RC.t/
RENIND.TAPE20.'/
RE1(IND,TAPE21.')

C
C IF (IARG GT. 0) WRITE (OUT, 5020

WRITE (OtJT,3020)
C
C3020 FOFNAT ('ASSIGN CBIO.NEW]FILE24.DAT FOR024')
3020 FORMAT (' ATTACH,TAPEZ4,FILE24,I0=ZZR1RC.l/

' REWIND,TAFE24.')
^

C IF (IWAT GT. 0) WRITE (OUT, 3030)
WRITE (OUT,3030)

C
C3030 FORMAT ('ASSIGN CBIO.b`.E1(]FILE25.eAT FOR025')
?030 FORMAT (' ATTACH,TAPF,3,FILE25,ID+ZZRNRC.'/

ZEWIND,TAFE25.')
C

IF (ILOC EQ. 4) T}(EN
WRITE (WT. 3240)

ELSE
WRITE (OUT, 3040)

ENDIF
C
C3240 FORMAT ('ASSIGN (BIO.Ne"'Vl1RC0?9.DAT FCfS22')
3240 FORMAT (' ATTACH,TAPc'22,ROOM,ID=ZZRNRC.'/

R,--SYIND,TA"E22.')
C
C3040 FCRWT ('ASSIGN CBIO.kEk]PLfiN50URC.5UR F0R022')
3040 FORMAT (' ATTACH,TAPc"22.PLATiSCURC,ID=ZZRNRC.

. ' RENIUO,TAFEZ2.1)
C

1.0-3
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Because of uncertainties associated with assessing the putential risks from

onsite burials of radioactive waste, the U. S. Nuclear Regulatory Commis-

sion (NRC) has amended Its regulations to provide greater assurance that,
buried radioactive material will not present a hazard to public health and

safety. The amended regulations now require licensees to apply for

approval of proposed procedures for onsito disposal pursuant to 10 CFR

20.302. The NRC technically reviews these requests on a case-by-case

basis. These technical reviews require modeling potential pathways to man

and projecting radiation dose commitments. This document contains a sum-

mary of our efforts to develop human-tntruston scenarios and to mwdify a

version of the MAXI computer program for potential use by the NRC in

reviewing applications for onsite radioactive waste disposal. The documen-

tatton of the ONSlIx'/tdAXI computer program is written for two audiences.

The first ( Audience A; includes persons concerned with the mathematical

models and computer :ilgorithms. The second ( Audience B) includes persons

- concerned with exercising the computer program and scenarios for specific

onsite disposal apFlicattons. Five sample problems are presented and

Cf') discussed to assis•; the user in operating the computer program. Summaries

of the input and ortput for the sample problems are included along with a

tY` discussion of the hand calculations performed to verify the correct oper-

ation of the crnputer program.

Computer listings of the ONSITE/MAXI1 computer program with an abbreviated

OD data base listing are included as Appendix 1 to this document. Finally:

complete listings of the data base with listings of the special codes uso:l

to create the data base are included in Appendix 2 as a microfiche

attachment to this document.
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:
S(BROUTINE RITFIL

C
C THIS SL^'itTtiJTINE WRITES A FILE WITH INPUT PARWTERS MD

C SYSTEm CXktkf4w5 FOR l•9AXI1.

C
C M)DULE OF ONSITE
C VERSION OF 26-APR-84 RitP

C
"'.'----------- .-----'--

C
C I?tCLL'DE 'ONSITE.C14i'
C, - --°°--------- ----- ---- _ -------"--_-__------
C

COMMON /YARYBL/ IFOD. P.IRR.RPF. ItAO, RFI, RF2, IARG, I:!AT,
ICrWAT. IEXT. IAIR, XQSITE, IDKAIR.
ISUR, 122, XF2,
AGE. XDPT. DEN, XMd.F. RINH, DILF, n(3M2, INTRUD,

, IT1, IT2, NORG, KORG(5), IOUT, ;tEXT,

RI'F1, RPF2. INHAL, 1RR, SRDIL, NVUNIT(4)

REAL P.YUNIT

C
CC?MN /INY/ NIN. ELTI(1C0), AWI(100), NSOLD(5.100),

Q(I00). QI(1C0), QJ(100), '1K(100)

REAL AWI
INTEGER ELTI

C
COi4a.ev /FLAG/ IRS, ILOC. INUT, IARt., IWRL

C
COSMN /AREA/ FRSIZ. AREAIN, AREAEX

C
COMAC?N iCESC/ TITI (20). UNITS(2,3)• t'YU(4)

CHARACTER18 I;NITS
C((ARACTERR4 TITL, NV4U

C
CYMN /IOYAR/ SCRN. OUT, OUTFIL. KEY

C CHA.RACIER015 OUTFIL
INTEGER SCRN. OUT

C
C

C
200 CONTINUE

WRITE (SCRN,4000)
4000 FQRHAT (' '.LO(/),' '.

.14X,'ENTER YOUR CS'iC ACCOUNT NANE:'
READ (1:EY.400)) ACNT

4001 FORHAT !AIO;
WRITE (SCRN,4002)

1. D-2
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APMM1X 1.D.1 fDC Cmm€ed Level Procedure - PnOCFIL

.PROC,ON.
ATTACH,ABS,ONSITEABS,ID=ONSITEDB.
COPY,ABS,LGO.
RETURN,ABS.
ATTAi'Ii,TAPE10.R4DQNS,ID=ONSITEDB,hIR=1.
REWIND,TAPE10.
CONNECT,OUTPUT.
CONNECT,INPUT.
CONNECT,TAPES.
CONNECT,TAPE6.
REWIND.LGO.
LGO.
REVERT.
*EOR
.PROC,DONE*I.F"FILENAME FOR SCENARIO"=(*F),
R"READ PASSWORD FOR FILE"=(*A).

CATALOG,TAPE7,F,ID=ONSITE,RP=10,RD=R.
cr' BATCH,TAPE7,INPUT.HERE.

RETURN,T;,PE7.
RETURN,TAPE10.

^ DISCONT,OU(PUT.
DISCONT,INPUT.
DISCONT,TAPES.

^ DISCONT,TAPE6.
RETURN LGO.
FILES.

($1 REVERT.
*EOR
.PROC,SEND*I.F^NAME OF OUTPUT FILE TO BE PRINTED:"=(*F),

N"FIVE CHARACTER NAME TO IDENTIFY RUN"=(*A).
yq) BATCH.F,LOCAL.

REQUEST.X,*Q.
_ REWIND,F.

COPY.F,X.
ROUTE.X,DC=PR.FID=*N,TID=KT.
RETURN X.

p. FILES.
REVERT.
*EOR
*EOF

1.D-1
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Onsite Disposal Envtc•onzent Selected RadionOclides - P.MDONS, continued

NP237+D 7.82E+8 1 0 0 2.5E-3 23
PU241+D 5.26E+3 1 0 0 2.5E-4 23
SR89 5.06E+1 1 0 0 2.OE-1 23
Y 89M 1.86E-4 2 1 0.0002 0 2.5E-3 13
SR90 1.04E+4 1 0 0 2.OE-1 13
Y 90 2.67E+0 2 1 1.0 0 2.SE-3 13
M099 2.75E+0 1 0 0 1.5E-1 13
TC99M 2.S1E-1 2 1 0.868 0 2.SE-1 13
TC99 7.78E+7 3 2 1.0 1 0.132 2.5E-1 13
RU103 3.94E+1 1 0 0 1.0E-2 13
RN103M 3.90E-2 2 0 0 1.3E+1 13
PD103 1.70E+1 3 1 .9974 0 .9997 5.0 13
I 129 5.71E+9 1 0 0 2.OE-2 12
CS134 7.53E+2 1 0 1.0 0 2.OE-3 11
CS135 8.40E+8 1 0 0 2.OE-3 11
C5137 1.10E+4 1 0 0 2.0E=3 11
BA137M 1.77E-3 2 1 0.946 0 5.OE-3 13

^'`• CE141 3.25E+1 1 0 0 5.OE-4 23
SM151 3.29E+4 1 0 0 2.5E-3 23

7r U 235 2.59E11 1 0 0 2.5E-3 23
TH231 1.06E+0 2 1 1.0 0 4.2E-3 23

^ PA231 1.19E+7 3 2 1.0 0 2.5E-3 23
AC; 27 7.95E+3 4 3 1.0 0 2.5E-3 23

° TH227 1.87E+1 5 4 0.9862 0 4.2E-3 23
FR223 1.51E-2 6 4 0.0138 0 0 23

Cn RA223 1.14E+1 7 5 1.0 6 1.0 1.4E-3 23
NP237 7.82E+8 1 0 0 2.5E-3 231o
PA233 2.70E+1 2 1 1.0 0 2.SE-3 23

^
U 233 5.79E+7 3 2 1,.0 0 2.5E-3 23
111229 2.68E+6 4 3 1.0 0 4.2E-3 23

C14
RA225 1.48E+1 5 4 1.0 0 1.4E-3 23
AC225 1.00E+1 6 5 1.0 0 1.4E-3 23

^ U 238 1.65E12 1 0 0.0 0 2.5E-3 23
TH234 2.41E+1 2 1 1.0 0 4.2E-3 23
PA234M 8.13E-4 3 2 1.0 0 2.SE-3 23
PA234 2.81E-1 4 3 0.0013 0 2.5E-3 23

0% PU242 1.41E+8 1 0 0 2.SE-4 23
NP238 2.18E+0 2 0 0 2.5E-3 23
PU238 3.21E+4 3 2 1.0 2.5E-4 23
CM244 6.61E+3 1 0 0 2.5E-3 23
PU244 3.02E10 2 0 0 2.5E-4 23
U 240 5.88E-1 3 2 0.999 0 2.5E-3 23
PU240 2.39E+6 4 3 1.0 1 1.0 2.5E-4 23
CM243 1.04E+4 1 0 0 2.5E-3 23
PU243 2.06E-1 2 0 1.n 0 2.5E-4 23
AM243 2.70E+6 3 2 1.0 1 0.0024 2.SE-4 23
NP239 2.36E+0 4 3 1.0 0 2.5E-3 23
PU239 8.91E+6 5 4 1.0 1 0.9976 2.5E-4 23
PU241 5.26E+3 1 0 0 2.5E-4 23
AM241 1.58E+5 2 1 1.0 0 2.5E-4 23

0

1.C-23

_ _ . ... _ -^ _..^ . ` •
^

' . .. ^ ,



.,r,..

! y {

L(t

C^T

A%

C:)

cc

L^T

C\R

4.6.1 Corter.and Level Procedures .........................
4.6.2 Software Security ................................
4.6.3 Computer Code Conversion .........................

4.7 References .............................................

APPENDIX 1.A - COMPUTER CODE LISTING - tAAXIl .....................
APPENDIX 1.B - COMPUTER CODE LISTING - ONSITE ....................
APPENDIX 1.C - ABBREVIATED DATA BASE LISTING.....................

Radionuclide Master Library for MAXII - RMDLIB............
Cnsite Disposal Environment FILE20 (Leaf), page 1.........
Cnsite Dis.aosal Environment FILE21 (Soil), page i.........
Onsite Disposal Environment Surface Soil PLANSOURC
(External) ................................................
Onsite Disposal Environment Stored Wastes ROJM (External).
Onsite Disposal Envirorment FILE23 (Air), page 1 ..........
Onsite Disposal Environment FILE24 (Aquatic), page 1......
Onsite Disposal Environment FILE25 (Drink), page 1........
Onsite Disposal Environment VOLSOURC (External) ...........
Onsite Disposal Environment BURIEDHF (External) ...........
Onsite Disposal Environment BURIED1 (External) ............
Onsite Disposal Environment Selected Radionuclides -
RMDONS ....................................................

APPENDIX 1.D - CDC Computer Installation .........................

CDC Command Level Procedures - PROCFIL ....................
CDC Version of the ONSITE module RITFIL ...................

4.25
4.26
4.26

4.26

1.A-1
1.6-1
1.C-1

1.C-1
1.C-7
1.C-8

1.C-9
1.C-11
1.C-13
1.C-14
1.C-15
1.C-16
1.C-18
1.C-20

1.C-22

1.0-'.

1.D-1
1.D-2

(Appendix 2 is on microfiche)

-S'Ql

0^

>

APPENDIX 2.A - COMPLETE DATA dASE LISTING ........................

Radionuclide Master Library for MAXI1 - RMDLIB............
Onsite Disposal Environment FILE20 (Leaf) .................
Onsite Disposal Environment FILE21 (Soil) .................
Onsite Disposal Environment Surface Soil PLANSOURC
( External) ................................................
Onsite Disposal Environment Stored Wastes ROOM (External).
Onsite Disposal Environment FILE23 (Air) ..................
Onsite Disposal Environment FILE24 (Aquatic) ..............
Onsite Disposal Environment FILE25 (Drink) ................
Onsite Disposal Environment VOLSOURC (External) ...........
Onsite Disposal Environment BURIEDHF (External) ...........
Onsite Disposal Environment BURIEDI ( External)..... .......
Onsite Disposal Environment Selected Radionuclides -
RMDONS ....................................................

ix

2.A-1
2.A-6
2.A-92

2.A-180
2.A-182
2.A-184
2. A-296
2.A-375
2.A-456
2. A-45 8
2.A-460

2.A-462



/ . ^---^.-__.
_..._.... ^^.

ZZ-Yi

£Z £-3S'Z 0 0 1 Zt35911 0,8EZ n
£Z £-3S'Z 0 0 1 11365'Z O+SEZ ft
£Z £-3S'Z 0 0 1 L+316'8 h£Z (1
£Z E-35'Z 0 0 1 L+36L'S 0+££Z ft
£Z £-3Z'7 0 0 1 ZT3£I'S O+ZEZHl
£Z £-3Z'4 0 0 1 L+3t8'Z 0+0£ZHL
£Z £-3Z'Y 0 0 1 Z+3L6'9 O+gZZW1
£Z £-34'T 0 0 1 S+3h8'S 0+9ZZVif
£Z Z-38'9 0 0 1 £+3bT'8 0+078d
£Z 1-38'£ 0 0 1 1+399'Y £OZ9H
£Z £-34'6 0 0 1 1+30E'L Z612fI
£Z Z-30'S 0 0 1 T+35'T T6IS0
£Z Z-30'S 0 0 1 1+304'6 S81S0
£Z E-39'Z 0 0 1 1+3Z'L 09181
£Z £-3S'Z 0 0 1 £+34i'£ 45Tf13
EZ £-3S'Z 0 0 1 £+3L6'4 Z5Tf13
£Z V-30'S 0 0 1 Z+348'Z O+y4t30
It £-30'Z 0 0 1 V+301'1 0+L£iSO
zi Z-30'Z 0 0 1 0+3Y0'8 O+iEi I
zi Z-30'Z 0 0 1 I+3L6'9 0+5ZT I
£T Z-31'1 0 0 1 £+3t0'S O+SZTBS
ET Z-31'1 0 0 1 T+3Z0'9 vZTBS
£i T-3S'Z 0 0 1 0+39'Z TTTNI
El 1-35'i 0 0 1 Z+3Z5'Z O+WOTT9V
£T 1-30'£ 0 0 1 Z+30V'4 60T0O
ET Z-30' i 0 0 1 Z+389' £ O+90Tn8
£T £-34'6 0 0 1 9+30£'L 46BN
£T T-3E'T 0 0 1 4+35O'E E60W
£T 1-30'Z 0 0 1 4+340'i 0+06iJS
£T 1-30'Z 0 0 i 1+35'9 S821S
zi E'T 0 0 1 Z+30Z'T SL3S
£T 1-30'4 0 0 1 Z+3h7'Z 59NZ
£T Z-36'1 0 0 1 L+315'£ £9IN
El Z-36'1 0 0 1 L+3YL'Z 69IN
£T £-34'6 0 0 1 £+3Z6'1 0903
£T £-34'6 0 0 1 Z+31L'Z L50O
£1 4-30'7 0 0 1 1+39b'4 6533
£T 4-30'4 0 0 1 Z+398'6 SS3.4
£1 Z-301£ 0 0 1 Z+3Zi'£ VSNVI
£T Y-3S'Z 0 0 1 1+3LL'Z I5m
£T £-31'1 0 0 1 1+35'9 9VOS
zi Z-30'V 0 0 1 Z+359't 54V0
tT 1-39'E 0 0 1 TT3L9'4 04 N
TT 0'S 0 0 1 8+31't 9M
zi 1-36'S 0 0 1 T+3ZL'B SE S
zi 1+3015 0 0 1 T+3V4'Z ££ d
zi t+30'S 0 0 1 T+3£4'T Z£ d
TT Z-30'S 0 0 1 Z+305'6 ZZVN
it 5'S 0 0 i 9+3160'Z bT 0
IT 91 Y 0 0 1 £+3T5'4+ £ H
dV8 92-AVVi-EZ A`JVa8I3 V1V0 i131SVW 30I"f0(1N0I0YiJ 12Hkl0I8/31ISN0

p0M - saP^tOnuoiPpil PeaOal®g auesuoafnu3 Lrsodst0 m365u0

%0

hS

^

.^,

ua

co

N

.S;;^



^

%d

G:t

a^

C.7)

co

In

lq3"

N

CV

^

I.

^._..e ---- - -- ^

APPENDIX 2.B - MAXI2 COMPUTER CODE ............. .................. 2.8-1

MAXI2 Computer Code Listing ............................... 2.B-1
Sample MAXI2 Input File to Create FILE20 and FILE21 ....... 2.B-23

APPENDIX 2.C - MAX13 COMPUTER CODE .............................. 2.C-1

MAXI3 Computer Code Listing ................. . ............. 2.C-1
Sample MAXI3 Input File to Create FILE24 and FILE25 ....... 2.C-20

^
APPEND IX 2.D - ISOSHLD INPUT FILES USED TO CREATE THE ONSITE

DISPOSAL EN1'IRONMENT .............................. 2.D-1

input Files to Create PLANSOURC ........................... 2.D-1
Input Files to Create VOLSOURC ............................ 2.D-5
Input F:les to Create BURIEDHF ............................ 2.D-11
Input Files to Create BURIED1 ............................. 2.0-16

2.1-1

TA61€S

Parameters Used for Calculation of Radiation Dose t t
Factors from Consumption of Foods ......................... 2.4

2.1-2 Parameters Used for Calculation of Radiation Doses from
Drinkinq Water and Aquatic Foods .......................... 2.4

2.1-3 Radionuclides Considered in the Onsite Disposal
°Environment" ............................................. 2.5

3.2-1 Sccr.ario Default Parameter Values ......................... 3.7
3.2-2 ONSITE/MAXI1 Parameter Descriptions ....................... 3.8 '
4.1-1 MAXI1 Module Summary ...................................... 4.1
4.1-2 ONSITE Module Summary ..................................... 4.5
4.3-1 MAXI1 Data Arrays ......................................... 4.11
4.3-2 ONSITE Data Arrays ........................................ 4.13 ;
4.3-3 MAXI1 Common Block Definition and Usage ................... 4.14
4.3-4 ONSITE Common Block Definition and Usage .................. 4.16
4.3-5 MAXI1 Data Constants ...................................... 4.17
4.3-6 ONSITE Data Constants ..................................... 4.19
4.4-1 MAXI1 Execution File Orgar.ization ......................... 4.21
4.5-1 Additional Parameter Descriptions - MAXI1 ................. 4.22
4.5-2 Organ Selection........................................... 4.24
4.6-1 Contents of the ONSITE/MAXI Software Package .............. 4.25

ti

x

^

^



Onsite Disposal Env4roment BURIED1 SExternal)r cont'

U 238+D 5.2E-05
NP237+D 5.7E-06
PU241+D 1.6E-15
SR89 2.8E-07
Y 89M 0.0
SR90 1.5E-10
Y 90 7.7E-06
M099 6.6E-05
TC99M 4.9E-12
TC99 1.3E-14
RU103 7.9E-05
RH103M 0.0
PD103 3.OE-09
I 129 4.2E-20
C5134 2.1E-03 '
CS135 1.9E-17
CS137 4.1E-09
BA137M 1.3E-04

Lr) CE141 9.3E-11
SM151 7.8E-30
U 235 2.6E-09
1H231 6.OE-14^
PA231 6.OE-07
AC227 2.7E-15

° TH227 6.5E-07
FR223 3.6E-06

CD RA223 1.7E-06

Lf')
NP237 1.6E-16
PA233 5.7E-06

.^. U 233 1.1E-33
TH229 4.6E-13

N
RA225 1.2E-13
AC225 4.6E-10
U 238 8.SE-33
TH234 1.6E-14

^y PA234M 3.6E-05
PA234 8.2E-03
PU242 0.0
NP238 3.2E-03
PU238 5.4E-16
CM244 0.0
PU244 0.0
U 2Q0 6.4E-21
PU240 5.4E-16
CM243 1.1E-08
PU243 6.7E-08
AM243 4.3E-19
NP239 1.5E-07
PU239 5.4E-16
PU241 0.
AM241 1.6E-15
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ONSITE/8IOPORT EXTER'4A(. DRF (BURIED AT 1.0 H) 9-APR-84 RAP
1.0M 100

H 3 0.0
C 14 1.1E-19
NA22 9.2E-03
P 32 9.IE-07
P 33 6.7E-C6
S 35 0.0
CL36 3.0E-09
K 40 3.OE-03
CA45 1.2E-16
SC46 1.OE-02
CR51 8.9E-07
NN54 7.9E-04
FE55 0.
FE59 7.3E-03
C057 5.4E-12
C060 1.8E-02
NI59 0.0
N163 0.0
ZN65 4.6E-03
SE75 1.0E-05
SRBS 7.7E-05
SR90+D 7.7E-06
b1093 0.
NB94 9.4E-04
RU106+0 2.1E-02
C0109 7.2E-16
AG110M+D1.4E-02
IN111 4.3E-08
SB124 4.8E-02
SB125+D 8.7E-05
I 125+D 0.0
I 131+0 2.1E-05
CS137+D 1.2E-04
CE144+D 2.OE-03
EU152 9.5E-03
EU154 6.6E-03
TB160 4.9E-03
0S185 2.2E-04
0S191 1.4E-12
IR192 4.9E-05
HG203 3.5E-08
P8210+0 4.1E-08
RA226+0 9.1E-08
1H228+0 2.9E-06
TH:30+0 9.1E-08
'^1232+D 5.7E-03
U 233+D 4.6E-10
U 234 1.2E-14
U 235+D 3.OE-06
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In January 1981, the U.S. Nuclear Regulatory Comr.ission (F:RC) amended its
regulation in order to minimize the risks associ,;ted with onsite land
disposal of radioacti•re materials by licensees. Current regulations
require that disposal of radioactive materials by licensees. unless other-
wise authorized, be spocifical)y approroad by the F.RC pursuant to Section
20.302(a) of 10 CFR Part 20 (1984). This regulati4n states:

nAny licensee or applicant for a iicense may apply to the Can-
mission for approval of proposed procedures to dispose of

licensed materiai in a manner not othormiso authotized in the
regulations in this chapter. Each application si•ould include a
description of the liconsod naterial and any other racioactive
material involved, including the quantities and kinds of such
material and the tovais of racioactivity involved, and the
proposed manner ann ccnditi-is of disposal. The application

should also include an analysis and evaluation of pertinent

information as to the nature of the erwironment, includinq

topographica), geological. mzteorological. and hydrological
characteristics; usage of gr;,und and surface waters in the

goneral area; the nature and locations of other potentially
affected facilities; and procedures to be observed to minimize

the risk of unoxpected or hazardous exposures."

The current policy of the NRC is to review all proposed onsito burials on a
caso-by-case basis. Tachntcal assessments of pr,po.ad onsite disposals may
at times require modeling of the potnntial pathways to man and projecting
the maVn.itudo of potential radiation dose coer••mttmonts. The ob3ective of

this prcJect is to modify an existing pathway-to-man computer program. MAXI
(Vapier et al. 1979), for use by the NRC Waste Management staff for con-
ducting human-intrusion, dose-pathway analyses for onsito burial of low-

activity radioactive wastes. As part of this effort, specific human
intrusion scenarios have been developed that consider various potential

combinations of direct exposure to penetrating radiation, inhalation of
airborne radionuclides. ingestion of agricultural products raised in con-
taminated soil, and ingestion of radionuclides in drinking water. These

scenarios are activated by running the ONSITE/HAXIi computer software
package.

The ON'sITE/NA%I1 software package contains four computer codes. ONSITE is
the interactive user interface that allows the end-user to simply and
efficiently create and use the radiation exposure scenarios. kAXIl is then
used with the scenario information to calculate the naxinuat annual dose to
the exposed individual from selected pathways. NAXI2 generates inter
mediate Cose cc^varsion factors for food pathwa)s. ihese factors are

!+
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Onsito Disposal Env9ronnent BURIEDHF (External), continued

U 238+D 1.2E-02
NP237+D 1.6E-02
PU241+D 2.6E-09
SR89 1.8E-04
Y 89M 0.0
SR90 S.SE-07
Y 90 1.7E-03
M099 4.4E-02
TC99M 7.6E-06
TC99 7.8E-10
RU103 1.LE-01
RH103d 2.8E-26
PD103 9.3E-06
I 129 6.3E-13
CS134 8.OE-01
CS135 3.4E-11
CS137 4.4E-06
BA137M 1.5E-01
CE141 4.3E-06
SM1S1 1.8c-19
U 235 8.7E-05
1H231 L.OE-07
PA231 1.9E-03
AC227 4.3E-09
TH227 2.4E-03
FR223 2.2E-03
RA223 3.9E-03
NP237 2.7E-08
PA233 1.6E-02
U 233 6.5E-19
TH229 7.1E-07
RA225 4.3E-09
AC225 1.4E-05
U 238 5.2E-18
TH234 4.5E-08
PA234M 9.1E-03
PA234 1.6
PU242 2.5E-27
NP238 7.5E-01
PU238 6.4E-10
CM244 6.2E-27
PU244 0.
J 240 1.1E-13
PU240 8.4E-10
CM243 3.5E-04
PU243 2.1E-04
AM243 8.SE-10
NP239 7.9E-04
PU239 8.4E-10
PU241 0.0
AM241 2.6E-09
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storod in data files. MAXI3 calculates the data files containing tnter-
mediate dose conversion factors for aquatic pathways.

In addition, data files are provided that contain inhalation and external
dose conversion factors. These factors are caiculated using codes external
to the O1;SiTE/MAXI1 software package. The fnhalation dose conversion
factors are calculated usin? the DACRIH (Houston. Strange and Watson 1974)

computer program. The ex-,ernal dose conversion factors for various waste
disposal geasetries are calculated using the ISOSHLO (Engel. Greenberg and
Hendrickson 1956) shielding program.

This report documents the resulting computer software package. The documen-
tation of the GNSITE/MAX11 computer software package has been written for
two major audiences. The first audience (Audience A) includes persons
concerned with the mathesgaticsl models and ccqr,puter algorithms considered
for onsite disposal of radioactive wastes, and the second audience
(Audience B) includes persons concerned with exorcising the computer pro-
gram and exposure scenarios to obtain results for specific applications.
This document is designed to funytion both as an instructional and a
reference Cocuseont.

Section 2 contains information useful to Audience A concerning the mathe-
maticai mo.:als and computer algorithms used In the OtJSITE/MAXII computer

0` programs. Section 3 contains information useful to Audience 8 concerning
the procedures for exocuting okSITE/MAXI1 computer programs, incluoing a

^ discussion of sample problcxms and hand calculations perforMed to verify
correct operation of the computer program. Section 4 contains additional

W details on the structure and organtzation of the computer programs and is
prcvided for individuals who may be intorested In such details and those
who wish to modify the computer programs. In addition, appendices are
provided that present listings of the computer programs, data libraries,
and dose conversion factors. Page-edge tabs have been provided as refer-
ence points for Audiences A and 8. To use those tabs, simply fan the pages
of the doccmnt until the appropriate page-edge tab is located.

i 1.1 ^gt feron^e,q .

code of Federa1 Re•=lats c,pg, 1984. Title 10. Part 20. "Standards for
Protection Against Radiation."

Houston. J. R., D. L. Strenge and E. C. Watson. 1974.
! Era+:ram fo2 ,CaiculatinaQra^Q,S e from ute or Chronl c RaCfonyQj„Jgg

Inhaiation . B?fkL-B-389, Pacific Northwest Laboratory, Rtchland,
^. ,. Washington.

Engel. R. L., J. Greenborg. and M. M, Hendrickson. 1966 ISnSHLD - A
{'om29t4r Co pf52Y ' rtwat Purpose Isotope 5hieldinQA alvsis . BN'dL-236,
Pacific Hortnwest Laboratory. Richland, Washington.
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Onsito D9sposal Environment BURIEDNF (External)

.•
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D,YSITEJoln,av T E,v,TEnp;AL DRFS (BURIED AT 0.5 M) 9-APR-84 RAP
O.SM 100

H 3 0.0
C 14 1.2E-12
NA22 1.8
P 32 4.3E-04
P 33 1.SE-03
S 35 0.0
CL36 9.3E-06
K 40 3.9E-C1
CA45 1.9E-10
SC46 2.3
CR51 2.8E-03
MN54 4.4E-01
FE55 0.0
FES9 1.6
C057 8.4E-06
0060 3.7
NI59 0.0
N163 0.0
ZN65 9.4E-01
SE75 1.5E-02
SR85 1.1E-01
SR90+D 1.7E-03
M093 3.SE-34
NB9a 6.1E-01
RU1.06+D 2.6
CD109 5.5E-08
AG110M+-02.6
IN111 1.3E-03
5B124 4.2
SB125+D 1.1E-01
I 125+D 1.2E-34
I 131+D 4.OE-02
CS137+0 1.4E-01
CE144+D 1.2E-01
EU152 1.6
EU154 1.4
TB160 1.1
0S185 2.OE-01
DS191 2.2E-06
IR192 9.OE-02
HG203 1.1E-03
PB210+D 5.OE-05
RA226+0 1.3c-04
TH228+D 1.6E-03
TH230+D 1.3E-04
'tH232+D 1.1
U 233+D 1.4E-05
U 234 1.9E-08
U 235+D 8.3E-03

1.C-18

^

-- -_..-- - ^,-__....-__.. -.-.------_1-_-- -f _ . ' -- -

^ -
^ i .. ,



^

Yi

Q

cli

SV

N '

, ^ . ^.

L

Napier, B. A., G. R. Hoenes, W. E. Kennedy, Jr., and E. C. Watson. 1979.
"The Maximum Annual Dose Resulting from Residual Radioactive Contamina-
tion." Paper presented at the 24th Annual Meeting of the Health Physics
Society, July 8-13, 1979, Philadelphia, Pennsylvania. PNL-SA-7496,
Pacific Northwest Laboratory, Richland, Washington.
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Onsite Dtsposal Environasont VOLSCURC (Extornal), continued

U 238+D 5.6
NP237+0 7.1E+01
PU241+D 1.1
SP.89 6.1E-01
Y 89M 0.0
SR90 3.0E-02
Y 90 2.1
tf•099 5.4E+01

° TC99M 1.9E+01
TC99 4.QE-03
RU103 2.0E+02
RN103M 5.1E•.02
P0103 2.8E-01
1 129 4.3E-01
C5134 6.7E+02
CS135 1.3E-03
CS137 4.<^E-02
BA137M 2.4E+02
CE141 1.0E+01
SM151 2.4E-04
U 235 2.0E+01^
TH231 1.3
PA7"s 1 9.3
AC227 1.3E-02
TH227 2.6E+01
FR223 8.0

CO Rf%i23 2.7E+01
NP237 2.0
FA233 6.51+01
U 233 4.2E-03

•^ TH229 1.9
RA225 6.8E-01
AC225 1.7
U 238 9.8E-03

^ TH234 7.6E-01
PA234M 3.4
PA234 7.2E+02
PU242 8.1E-04
NP238 2.4E+02
PU238 2.9E-03
CM244 1.8E-03

--^ PU244 6.8E-07
U 240 3.4E-02
PU240 2.7E-03
CM243 2.6E+01
PU243 2.7
AM243 3.6
NP239 3.0E+01
PU239 2.9E-03
PU241 2.9E-12
AM241 1.1
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2. MATHEMATICAL MODELS AND COMPUTER SCFTWARE FOR ASSESSING ONSITE
DISPOSAL IMPACTS

This section contains descriptions of the radiation-exposure scenarios,
mathematical models, computer programs, and data bases for assessing the

,• potential doses to intruders at onsite waste disposal sites using the
ONSITE/MAXI1 computer programs. The information in this section is
designed to be useful to Audience A. as identified in Section 1, concerning
the ONSITE/MAXI1 computer software package. First, the method used for
assessing potential doses to intruders is presented, followed by a discus-
sion of the computer implementation of that method, and a description of
the associated data base.

2.1 Definition and Solution of the Problcyn

In the Draft and Final Environmental Impact Statements in support of 10 CFR
Part 61 (U.S. NRC 1981; U.S. NRC 1982), the NRC modeled the potential
exposure pathways to man from buried radioactive wastes. In their analy-

^ sis, the NRC identified four human-intrusion scenarios to account for the
actions of man after the loss of institutional controls (U.S. NRC 1981.

a.^ Ap,). H, p. H-15):

• Intruder-Con4truc*yfcn Scenario . An individual excavates at an
abandoned disposal site to build a house.

co
• Intruder-Discovery-aLanar j-q. This scenarlo is a subset of the

!,r} intruder-construction scenario and also Involves excavation into a
closed site. The time over which the excavation proceeds is reduced

"»x" compared to the intruder-construction scenario.

E;4 • Ibt.ruder-Aaricultura Scenario . An Individual lives in a house built
on a closed disposal site surrounded by contaminated soil resulting

^ from the intruder-construction scenario. The individual consumes
vegetables grown in the contaminated soil.

. • Intruder-Well Scenario . An individual uses cantaminated water from an
ON onsite well.

The disposal limits that result are based on an annual 500-mrem total-body
dose to the maximally exposed individual who intrudes after 100 years of
site control. Of the four human-intrusion scenarios defined, only the
intruder-construction and intruder-agriculture scenarios control the deter-
mination of disposal limits.

For the assessment of risks associated with onsite disposal, an approach
similar to that applied in the DEIS in support of 10 CFR Part 61 is used.
That is, radiation-exposure scenarios are established for the maximally
exposed individual (an intruder) and a means of determining the resulting
radiation dose is provided.

_,-
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Ons9te Disposal Env9romsnt Y0iS06JRC ( Euternal)

ONSITE/BIOPO2T YOLUKE SOURC€ SURFACE EXTERNAL ORFS 10-APR-84 RAP
vOIU 100

H 3 0.0
C 14 6.2E-04
NA22 5.1E*02
P 3^ 9.8E-01
P 33 1.0

• S 35 0.0
Ct.36 2.8E-01
K 40 7.OE+01
CA45 2.8E-03
SC46 8.4E+02
CR51 1.2E+01
HN54 3.3E+02
FE5.'. 0.0
FE59 4.7E+02
C057 2.1E+01

^ C060 1.0E+03
N159 0.0
N163 2.5E-14
ZN65 2.7E+02

CM
SE75 9.6E+01
SR85 2.OE+02

-,-, SR90+D 2.1
N093 1.4

C,y h894 6.OE+02
RU106+D 1.OE+03

in CD109 7.6
AG110M+D1.2E+03

-IT 1N111 7.8E+01
SE'124 8.6E+02

C%j 58125+D 1.9E+02
1 125+0 8.8E-01
I 131+D 1.3E+02
CS137+D 2.3E+02
CE144+D 2.9E+01
EU152 4.7E+02

Q. EU154 4.9E+02
TB160 4.4C402
GS185 2.7E+02
0S191 8.0
IR192 2.7E+02
HG203 4.9E+01
P8210+0 3.SE-01
RA226+0 1.3
1H228+D 3.4E+01
i}t230+D 1.3
7H232+D 3.8E+02
U 233+D 4.3
U 234 6.9E-02

° U 235+D 8.3E+01
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Five scenarios are identified as being of potential interest in assessing
doses to intruders at onsite disposal sites.

(1) Fxternal_^p^5ure Scenartv . An individual isassumed to work in an
area previuusly used for onsite disposal. Surface soil contamination,
wastes buried at depths of 0.5 m or 1.0 m, or entry into a room (or
vault) that is used for waste storage or disposal are considered.

(2) EXi2P-RdL_EXp^4111v Pius Ir,ha)ation Scvnario . An individual is assumed
to work in an area with limited surface-soil contamination.

(3) AgC1SSt1_ttl,Cd^_^^EIldG.L4. An individual is assumod to raise his annual
diet (or a fraction of it) in soil contaminated by the onsite disposal
of radioactive wastes. External exposure and inhalation of resus-
pended radionuclides in soil are considered.

(4) J,t,r^atton/C7r1nk1nn-Wat vL,cenaria . An individual is assumed to use a
water supply contaminated by radionuclides from an onsito disposal

• site for irrigation and/or drinking. In adoition, external exposure
and inhalation of resuspended radionuclides that are deposited on the
surface of the soil by the irrigation water are consiaerod.

01^
(5) (lser-Deftnsd ^y^IlyCt„p . The user may construct his own scenario by

selecting exposure pathways and defining conditions described in the
ONSITE/N.AXII cxnputer software package.

G^
This section contains descriptions of the pathway analysis models used for

i_rt these sc.onarios with a definition of the required environmental criteria,
descriptions of the tcenarios as they are implemented, and descriptions of
the matnematical models.

2.1.1 Applying the Pathway Analysis Models

The above scenarios can be simulated with the pathway analysis mathematicai
{11 models. When viewed as a collection, the interrelationships of these models

are ccnplex. An overview of the pathway analysis methoas at this point in
Q^ the discussion will facilitate understanding of the model application.

.

Proyracis in the ONSITE/MAXI1 computer software package can be used to
calcult^te dose conversion factors for a given setting or "environment."
The MAX:1 computer program uses these factors during subsequent scenario
simulati,ins to calculate dose to man for selected exposure pathways. An
"environmhint" defines radionuclides that are likely to be present at a
waste site, general agricultura'i and aquatie practices of the geographical
area, and b,e general lifestyle of the intruder. For example, the "em•t-
ronment" mig,it establish that the intruder grows a garden on the disposal
site. The amount of produce, including animal products grown on the site,
and consumed by the maximum individual, would be defined. Scenario, can

2.2
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Onsit® Disposal Environ^©nt FIlE25 (Drt nk), page 1

Incremental Drinking Water Dose Factors - ONS ITEl8IOP0•rtT Env. 16-APR-84 RAP
H2.0 50 92 5

1 6 8 16 23
. ^.

H 3 2.57E-08 0.00E+q0 0.00E+00 0.00E+00 0.00E+00
C 14 2.40E-07 1.05E-06 0.00E+00 0.ODE+00 1.68E-07
NA22 6.54E-06 0.00E+00 0.00E+00 O.OOE+00 4.24E-06
P 32 1.18E-06 3.05E-05 O.OOE+00 O.OOE+00 4.02E-06
P 33 2.34E-07 6.29:-06 O.OOE+00 0.00E+00 5.09E-07
GA45 1.15E-07 5..1bc-06 O.OOE+00 0.00E+00 4.12E-07
SC46 3.70E-10 6.SOE-10 0.00E+00 D.OCE+00 7.55E-06
CR51 9.15E-10 0.00E+00 1.89E-09 5.46E-10 2.84E-07
MN54 1.78E-07 O.COE+UO O.OOE+00 O.OOE+C•0 3.41E-06
FE55 9.25E-09 4.30E-08 1.39E-08 O.00E+00 1.06E-07
FE59 2.58E-07 3.10E-07 1.95E-07 O.OOE+00 3.26E-06
C057 2.45E-08 O.OOE+00 O.OOE+GJ O.00E+00 4.31E-07
C060 3.97E-07 q.00E+00 O.OOE+00 O.OOE+00 3.91E-G5
11159 2.39E-08 1.22E-07 O.OOE+00 0.00E+00 6.72E-08
11163 6.SOE-08 1.66E-06 0.00E+00 O.OOE+00 1.83E-07

t E^ ZN65 5.38E-07 3.60E-•07 0.00E+00 O.OOE+00 1.88E-06
SE75 6.40E-07 O.OOE+00 O.OOE+00 O.00E+00 0.OOF.+00
SR85 4.39E-07 3.63E-07 0.00E+00 O.OOE+00 O.OOE+00
SR90+D 3.87E-06 1.44E-05 O.OOE+00 O.OOE+00 6.78E-06

,^- - 14093 7.83E-08 O.OOE+00 0.00E+00 O.OOE+00 !;.35E-07
11894 3.73E-09 0.00E+00 O.OOE+00 O.OOE+00 1.22E-05

C^? RU106+D 7.38E-C8 5.64E-07 O.OOE+00 O.OOE+00 4.33E-05
CD109 5.68E-09 O.OOE+00 O.OOE+00 O.OOE+00 O.COE+00

tf) AG110M+D 2.63E-08 4.36E-08 O.OOE+00 O.OOE+00 2.05E-05
58124 3.49E-07 8.27E-07 6.78F-07 2.31E-09 3.06E-05
58125+0 1.27E-07 4.16E-07 3.65E-07 6.25E-10 7.68E-06
I 125+D 1.17E-06 5.46E-06 0.00E+00 9.60E-04 1.38E-07

^ I 131+D 1.06E-06 1.31E-06 0.00E+00 6.07E-04 5.61E-07
05137+0 1.68E-05 1.70E-05 2.68E-06 0.00E+00 9.22E-07

'- CE144+D 1.03E-09 1.63E-08 0.00E+00 O.OOE+00 1.60E-05
EU152 6.68E-10 1.76E-09 0.00E+00 0.00E+00 2.49E-06
EU154 9.67E-10 6.19E-09 O.OOE+00 0.00E+00 5.33E-06
TB160 3.80E-10 3.01E-09 0.00E+00 O.OOE+00 4.17E-06^
1R192 1.09E-07 O.OOE+00 O.OOE+00 0.00E+00 8.95E-06
HG203 9.97E-07 0.00E+00 O.OOE+00 0.OOE+00 1.58E-06
PB210+0 2.05E-05 2.95E-04 O.QOE+00 O.00E+00 2.37E-05
^:A226+D 1.34E-03 1.34E-03 0.00E+00 0.00E+00 1.13E-04
TH228+D 8.35E-07 2.46E-05 O.OOE+00 O.OOE+00 1.92E-04
1H230+D 1.97E-07 6.93E-06 0.00E+00 O.OOE+00 2.05E-05
TH232+0 2.SSE-07 7.72E-06 O.OQE+p0 O.OOE+00 1.74E-05
U 233+0 1.03E-05 1.12E-04 0.OOE+00 0.00E+00 2.12E-05
U 234 1.01E-05 8.31E-05 0.00E+40 0.00E+00 2.07E-05
U 235+0 9.47E-06 7.96E-OS 0.00E+00 0.00E+00 2.63E-05
U 238+D 8.85E-06 7.62E-05 0.00E+00 O.OOE+00 1.86E-05
NP237+D 2.OCE-07 4.59E-06 0.00E+00 O.OOE+00 2.70E-05
PU241+D 2.73E-09 7.59E-08 0.00E+00 O.OOE+00 4.80E-07
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then be defined within the context of the "environment." A scenario indi-
catos pathways of Interest, further defines the life style of the maximum
ind;v:dual, identifies the source and location of the contamination, and
quantifies the inventory. A scenario modifies the maximum individualrs
life style assumptions by indicating amounts of exposure and by applying
percentage factors to established dose rates.

The definition of the "environment" is an intermediate step that simplifies
scenario creation and streamlines scenario executions. Scenario creations
are simelifted because the number of parameters that must be defined is
substantiatly reduced. Scenarios execute more efficiently because many
repetitive calculations have been eliminated. Dose conversion factors that
apply to the defined "environment" are created by auxiliary programs in the
software package (MAX12 and MAXI3) and are stored in the data base where
they can be accessed during the scenario simulations controlled by the main
computer program, 14AXI1.

The followtng sections contain discussions of the defined "environment" and^
the ^athunatical models to be used for the five intruder scenarios, and the
mathematical models to be used for onsite disposal sites,

^ 2.1.2 Onstte Disposal "Environment" Description

^ The "environment" defined for onsite disposal assumes intruder activity at
an onsite tow-level waste disposal site. The reference "environment" is
based on a site with an area of 1 ha; however. area correction factors may

ln : be lncludod to con;ider smaller sites. The intruder may be exposed to
radioactive contamination via any of the follcrwing pathways: external
cxposure, inhalation of resuspended contaminants, tngestion of farm pro-
ducts grown on a contaminatea site, consumption of drinking water from a

C14
contamirated well, or ingestion of aquatic food products from a contami-
nated water source. For external exposure, wastes may be located on the
surface, buriedat 0.5 or 1.C meter depths, or stored in a room-type
structure. The intruder's entire diet for the reference "environment"

C4 corsists of vegetables, fruits, and animal products grown on the site.
Table 2.1-1 contains a listing of the intruderrs terrestrial food product

cy^ that and Table 2.1-2 contains a'.isting of the intruderrs aquatic food
product diet for the reference "environment." The intruder is assumed to
drink 1.2 titers of water per day from a contaminated welt. Contaminated
farm products may result from radioactive wastes located on the soil sur-
face or from irrigation with contaminated water. The radionuclides
expected to be of interest in the reference "environment" are listed in
Table 2.1-3. This list includes 100 radionuclides that might come from the
use of radiopharmaceuticals or industrial sources. or from wastes generated
as part of the conmerciel nuclear fuel cycle.

f•
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Onsite Disposai Envfrcment FILE24 (rvGuatic). page 1

Incrc-:ontal Aquatic Foods Do4e Factors - ONSITE/BIOPORT Env. - 16-APR-84 R.AP
FISH 50 92 5

1 6 8 16 23

H 3 2.61E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00
C 14 1.76E-05 7.%£-05 0.00E+00 0.00E+00 1.24E-05
NR22 1.80E-05 0.00E+00 0.00E+00 0.00E+00 1.17E-05
P 32 4.64E-03 1.20E-01 0.00E+00 0.00E+00 1.58E-02
P 33 9.20E-04 2.48E-92 0.00E+00 0.00E+00 2.OOE-03
CIetS 4.76E-07 2.14E-05 0.00E+00 0.00E+00 1.71E-06
5046 4.08E-10 7.18E-10 0.001+00 0.00E+00 8.34E-06
CR51 1.23E-09 0.00E+00 2.55E-09 7.37E-10 3.84E-07
ktN54 2.42F-06 0.00E+00 0.00E+00 0.00E+00 4.64E-05
FF55 8.21E-08 3.82E-07 1.24E-07 0.00E+00 9.45E-07
FE59 2.37E-06 2.75E-06 1.73E-C6 0.00E+00 2.90E-05
C057 1.21E-07 0.00E+00 0.00E+00 0.00E+00 2.13E-06
0)60 1.961-06 0.00E+00 0.00E+00 0.00E+00 1.93E-05
N:59 2.12E-07 1.08E-06 0.00E+00 0.00E+00 5.96E-07
N163 5.77E-07 1.47E-05 0.00E+00 0.00E+00 1.63E-06
21465 4.29E-05 2.87E-05 0.00E+00 0.00E+00 1.501-04
SE75 2.78E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00
5R85 1.48E-045 1.22E-06 0.00E+00 0.00E+00 0.00E+00
5R90+D 1.30E-05 4.85E-05 0.00E+00 0.00E+00 2.28E-05
M093 9.2CE-08 0.00E+00 0.00E+00 0.00E+00 6.26E-07
4994 2.52E-06 0.00E+00 0.00E+00 0.00E+00 8.23E-03
RU106+0 9.711.-08 7.42E-07 0.00E+00 0.00E+00 5.69E-05
CD109 3.55E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00
h0110t4+D 2.77E-08 4.59E-08 0.00E+00 0.00E+00 2.16E-05
SB124 3.56E-07 8.43E-07 6.91E-07 2.36E-09 3.121-05
58125+0 1.30E-07 4.25E-07 3.72E-07 6.38E-10 7.83E-06
I 125+0 1.52E-06 7.07E-06 0.00E+00 1.24E-03 1.78E-07
I 131+0 1.38E-06 1.70E-06 0.00E+00 7.86E-04 7.26E-07
CS137+D 6.06E-04 6.12E-04 9.65E-05 0.00E+00 3.32E-05
CE144+D 1.11E-09 1.76E-08 0.00E+00 0.00E+00 1.73E-05
EU152 1.98E-09 5.23E-09 0.00E+00 0.00E+00 7.401-06
EU154 2.87E-09 1.84E-08 0.00E+00 0.00E+00 1.58E-05
18160 1.13E-09 8.95E-09 0.00E+00 0.00E+00 1.24E-05
IR192 5.39E-07 0.00E+00 0.00E+00 0.00E+00 4.42E-05
146203 6.29_04 0.00E+00 0.00E+00 0.00E+00 9.95E-04
P82(10+D 5.63E-05 8.12E-04 0.00E+00 0.001*00 6.52E-05
RA226+D 2.84E-03 2.85E-03 0.00E+00 0.00E+00 2.40E-04
7H.228+0 1.40E-06 4.13E-05 0.00E+00 0.00E+00 3.21E-04
TH230+D 3.^9E-07 1.16E-05 0.00E+00 0.p0E+00 3.43E-05
TN232+0 4.27E-07 1.29E-05 0.00E+00 0.00E+00 2.92E-05
U 233+D 1.08E-05 1.17E-04 0.00E+00 0.00E+00 2.21E-05
11 234 1.05E-05 8.69E-05 0.00E+00 0.00E+00 2.17E-05
U 235+0 9.89E-06 8.32E-05 0.00E+00 0.00E+00 2.75E-05
U 238+D 9.25E-06 7.96E-05 0.00E+00 0.OOE+C0 1.94E-05
NP237+D 2.45E-07 5.63E-06 0.00E+00 0.00E+00 3.31E-05
PU241+D 2.94E-09 8.19E-08 0.00E+00 0.00E+00 5.17E-07
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Table 2.1-1. Parameters Used for Calculation of Radi ation
Dose Factors from Consumption of Foods

Growing Period Yield Holdup Consumption
Food (days) (ko/m2) (days)(a) (k /vear)(b)g

Leafy vegetables 90 1.5 1 9.5

Other aboveground (0 0.70 1 9.5
vegetables

Root vegetables 90 9.0 1 76

Fruit 90 1.7 10 42

Wheat and grain 90 0.72 10 51

Eggs 90 0.84(c) 2 19

Milk 30 1.3 (c) 2 110(d)

Beef 90 0.84(c) 15 39

Pork 90 0.84(c) 1s 29

Poultry 90 0.84(c) 2 8.5

(a) Time between harvest and consumption.
(b) These rates are obtained from Regulatory Guide 1.109 (U.S. NRC 1977)

and prorated by food category using the fraction of total consumed by
an average individual as calculated from Napier (Table 8 1981).

(c) Yield of animal feeds (i.e., grain or pasture grass).
(d) Units of liters/year.

Table 2.1-2. Parameters Used for Calculation of Radiation
Doses from Drinking Water and Aquatic Foods

Mixing Holdup Consumption
Pathway Ratio Ldays) (a)

Consumption jJnits

Fish 1.0 1.0 6.9(b) kg/yr

Drinking Water 1.0 1.0 438(c) L/yr

(a) Time between harvest and consumption.
(b) Rate obtained from Regulatory Guide 1.109 (U.S. NRC 1977).
(c) Rate based on scenario assumption of 1.2 L/d.

2.4
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130 QAGRIK (dIF00S) DOSE
1 6 8 16 23

H 3 0 0 2
H 3 1 1 1.05E-06 .00
H 3 1 2 5.32E-08 .00
C 14 4 0 0
C 14 1 1 2.39E-06 1.05E-05
C 14 1 2 1.01E-07 1.97E-05
C 14 1 3 .00 3.SIE-09
C 14 1 4 .00 6.37E-12
NP.22 2 4 27
NA22 1 1 7,2`F-05 r„00E+00
F.A22 1 2 3.33E-06 0.00E+00
NA22 2 1 6.82E-05 0.00F+00
YR22 2 2 6.65E--36 0.00E+00
NA22 2 3 2.88E-06 O.OCE+00
NA22 2 4 1.82E-10 0.00E+00
NA22 3 1 5.80E-05 0.00E+OG
NA22 3 2 (5.7.E-Ja 0.00E+00
NA.22 1 3 1.84E-06 0.00E+00
NA22 3 4 9.47E-07 0.00E+00
Nlc22

1
3 5 4.%E-07 0.00E+L`0

NA22 3 6 2.65E-07 0,00E+00
NA22 3 7 1.43E-07 0.00E+00
N£,22 5 8 7.85E-08 0.00E+-10
NA22 3 9 4.36E-08 0.00E+00
NA22 310 2.45E-08 0. 00E+00
NA22 311 1.39E-08 0.00E+00
NA22 312 7.97E--09 0.00E+00
N/.22 313 4.61E-09 0.00E+00
NA22 314 2.67E-09 0.00E+00
NA22 315 1.57E-09 0.00E+00
NA22 316 9.09E-10 0.00E+00
NA22 317 5.38E-10 0.00E+00
NA22 318 3.20E-10 0.00E+00
NA22 319 1.82E-10 0.00E 00
NA22 320 1.16E-10 C.OOE+00
NA22 321 6.55E-11 0.00E+00
NA22 322 3.64E-11 0.00E+00
NA22 323 2.18E-11 0.00E+00
NA22 324 1.46E-11 0.00E+00
NA22 325 7.28E-12 0.00E+00
NA22 326 7.28E-12 O.OOEh70
NA22 327 7.26E-12 0.00E+00
P32 2 2 2
P 32 1 1 3.79E-05 9.79E-04
P 32 1 2 2.18E-06 5.89E-05
P 32 2 1 2.56E-05 6.621-04
P 32 2 2 1.57E-06 4.24E-05
P 32 3 1 2.30E-05 5.95E-04

;NCRE)t£NT I

I.G5£-06
5.32E-08

2.39E-06
1.01E-07
.00
.00

..0;E-055
9.90E-OB
2.37E-03
5.32E-04
2.57E-06
1.23E-G8
6.03E-03
7.40E-03
3.42E-t)3
1.56E-03
7..^.eE-04
3.37E-04
1.55E-04
7.18E-05
3.31E-05
1.52E-05
7.05E-06
3.25E-06
1.S1E-G6
6.91E-07
3.20E-07
1.49E-07
6.7 1F-08
3.17E-08
1..49E-08
5.59E-09
3.73E-09
1.86E-09
0.o0E+tio
O.COE+00
1.86E-09
0.00E+00
0.00E+00

4.18E-05
7.9c3E-08
5.85E-C4
2.55E-05
7.15E-04

ItE fASIT;

I .05i:-05
5.32E-08

2.39E-06
1.01E-07
.00
.00

O.C4E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
O.OCE+00
0.00E+00
O.00E+00
0.00E+00
0.00E+00
0.00E+00
O.00E+00
O.00E+00
0.00E+00
C.00E+00
0.00E+00
O.OOE+00
O.00E+00
0.00E+00
0.0r,E+00
0.00E+00
0.0cE+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E^(i0
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.C-13
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.00

.00

2.06E-06
1.23E-10
.00
.00

1.15r-05
6.88E-10
3.62E-C5
1.35F.-06
6.24E-09
3.27F-11
3.71E-05
1.87E-06
8.29E-07
3 .83 E-07
1.77E.-07
8.17E-08
3.76E-C8
1.74E-08
8.03E-09
3.69E-09
1.72f-09
7.86E-10
a.64E-10
1.67E-10
B.OOE-11
3.64E-11
1.46E-11
1.09E-11
0.00E+00
3.64E-1<'
O.OOE+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
O.00E+00
0.00E+00

2.58E-05
1.53E-09
6.96E-05
2.90E-07
7.77E-05

\\



Table 2.1-3. Radionuclides Considered in the ONSITE Disposal "Environment"

Radionuclide i3adionuc1id g Radionuclide

3H 144Ce+D 137m8a
14C 152Eu 141CE
22Na 154Eu 151Sm

32P 160Ty 235U
33P 18505 231Th
35S 1910s 23 ).Pa

36C1
40

192Ir
203

2''7Ac
K H9 227Th

45Ca 210Fb+D 223Fr

46Sc 226Ra+D 223Ra

i^
51 228Th+D 237
54M^ 230Th+D 233Pa

^ 55Fe 232Th+D 233U

{1% 59Fe 233Ui.p 229Th
5?Co 234U 225Ra

r?
60ro 23SUrO 225Ac

00 59N1 736L1+D ^8U
63N1 237yP+D 234Th

in
65Zn 24Pu+D 234mPa
75So A95r ^4Pa
85Sr 89mY 24zPu

"sV
90Sr+D(a) 90Sr 238NP

9 99 ^nNb Mo ^
^°-(

+D c
u

Q` 109^d 99T^ 240^
110mA9+D 103Ru 240Pu

112In 103mRh 243Cm
124Sb 103Pd 243Pu
125Sb+D 1291 243Arn

125I+D 134Cs 239NP
1311+D 135Cs 239P

•

137Cs+D 137C5 241Pu

: 241Am

fa) Where +D means plus short-lived daughters In equilibrium.

2.5
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U 238+0 5.6
e8M7+0 7.1E+01
PU2<1+0 1.1
Sn9 6.1E-0i
v Ceai 0.0
SR90 3.0E-02
Y 90 2.1
bYr99 5.4E+01
TC994 1.9E+01
TC99 ti.0E-03
RU103 2.0E Kt2
F3tI03M S.1E-02
PV103 2.8E-C1
I 120 :.3E^61
C5134. 6.7E+02
C5135 1.3E-03
CS137 4.2E-02
fiA137M 2.4E+02
CE141 1.0E+01
S1a151 2.4E-04
U 235 2.0E+01
Tti231 1.3
PA231 9.3
AC227 1.3E-02
7N227 2.6E+01
FR223 6.0
RA223 2.7E4-01
tiP237 2.0
PA233 6.SE+01
J 233 4.2E-03
Th229 1.9
RA225 6.6E-01
AC225 1.7
U 238 9.9F-03
T,t234 7.6E-01
PA2344 3.4
PR234 7.2E+02
PU242 8.IE-04
PiP238 2.4E+02
PU23L' 2.9E-03
CSt244 1.8E-03
PU244 6.8E-07
U 240 3.4E-02
PUZ40 2.7E-03
CM213 2.6E+01
PU2A3 2.7
AM2a3 3.6
UP239 3.OE+01
PU239 2.9E-03
PU241 2.9E-12
AM241 1.1
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2.1.3 Onsite Disposal Scenario Descriptions

Five scenarios are identified for onsite disposal in Section 2.1.1. Th ey
are designed for use in assessing doses to intruders at onslte disposal
sites with default site size of 1 ha. These scenarios are defined within
the "environment" described in Section 2.1.2. Detailed descriptions of the
scenarios as they are parameterized for simulation are given below.

(1) lxte nxoosure Scenario . An individual is assumed to work for
2000 h/yr in a 1 ha area previously used for onsite disposal. Exter-
nal exposure factor files are supplied to consider surface-soil con-
tamination, buried wastes at depths of 0.5 m or 1.0 in. or entry into a
room ( or vault) that is used for waste storage or disposal. For soil
contamination, the inventory is modified by a factor of 0.2 to account
for dilution. Only tota'-body dose Is calculated. The user selects
the location of the waste ( e.g., surface, buried, or stored) and
supplies the waste tnven,:ory. The user may modify the amount of
radioactive decay before exposure, the dilution of the waste ( during

C,., exhumation activities), the reference site size, and the duration of
exoosure.

^ (2) External Exposure Plus Inhalation Scenario . An individual is assumed
to work for 2000 h/yr in a 1 ha area with surfaco-sotl contamination
resulting from a waste exhumation event. Air concentrations of radio-
nuclides are calculated using a resuspension equation by Anspaugh et
al. (1975). For the resusCension equation, the age of the contami-

}ry nation at the beginning of the scenario is assumad to be 0.0 and the
top 1.0 centimeter of the contaminated surface soil is assumed to be
available for resuspension. Doses to total oody, bone, lungs, thy-
roid, and the. lower large intesttne (LLI) of the GI tract are calcu-

'' V lated. The dilution factor ( accounting for exhumation activities)
applied to the inventory is 0.2. The user provides the waste tnven-

^- tory. The user may modify the amount of radioactive decay before
exposure, the duration of the exposure, the reference site size, and
the tnventory dilution factor. He may also optionally select a mass-
loading equation, and specify fewer organs. This scenario is similar
to the intruder-construction scenario described in the DEIS for 10 CFR
Part 61 ( U.S. NRC 1981).

(3) A9ricultural Scenario . An individual is assumed to raise his entire
diet in a 1 ha area of soil contaminated by the onsite disposal of
radioactive wastes. The tndividual is assumed to be exposed 2000 h/yr
by external exposure and by inhalation of resuspended radionuclides in
soil. Again, the air concentration resulting from resuspension is
calculated using the equation by Anspaugh et al. (1975) with param-
eters presented for Scenario 2. Doses to total body, bone, lungs,
thyroid, and LLI are calculated. The user furnishes the waste inven-
tory towhich a dilution factor of 0.2 is applied. Modifications can
be made to the amount of radioactive decay before exposure, the dura-
tion of the exposur•e, the fraction of the total diet grown on the

.
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Onsite Disposal Environment Stored kiaste ROOM (External)

ONSITE/BIOPORT ROOM MODEL EXTERNAL DRFS 10-APR-84 RAP
ROOM 100

H 3 0.0
C 14 6.2E-04
NA22 5.1E+02
P 32 9.8E-01
P 33 1.0
S 35 0.0
CL36 2.8E-01
K 40 7.OE+01
CA45 2.8E-03
SC46 8.4E+02
CR51 1.2E+01
b1N54 3.3E+02
FES5 0.0
FCS9 4.7E+02
C057 2.1E+01
C060 1.0E+03
N159 0.0
NI63 2.SE-14
ZN65 2.7E+02
SE75 9.6E+01
SR85 2.OE+02
SR90+D 2.1
M093 1.4
NB94 6.OE+02
RU106+D 1.0E+03
CD109 7.6
AG110M+D1.2E+03
IN111 7.8E+01
SB124 8.6E+02
SB125+D 1.9E+02
I 125+D 8.8E-01
I 131+D 1.3E+02
CS137+D 2.3E+02
CE144+D 2.9E+01
EU15Z 4.7E+02
EU154 4.9E+02
TB160 4.4E+02
0S185 2.7E+02
05191 8.0
IR192 2.7E+02
HG203 4.9E+01
PB210+D 3.5E-01
RA226+D 1.3
TH228+0 3.4E+01
TH230+D 1.3
TH232+D 3.8E+02
U 233+D 4.3
U 234 6.9E-02
U 235+D 8.3E+01
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site, the reference site size, and the dilution of the waste. As in
the previous scenarios, the user may substitute the mass-loading model
and specify fewer organs. This scenario is similar to the intruder-
agriculture scenario described in the DEIS for 10 CFR Part 61 (U.S.
NRC 1981).

(4) Irriqation/Drinkino -Water Scenario . An individual is assumed to use a
water supply contaminated by radionuclides from an onsite disposal
site for irrigation and/or drinking. The user is required to input
the concentration of each radionuclide in the water supply. The

:T

^(F

:rt

.^.

t"^!

^

^

II

expgsed individual is assumed to irrigate his field at a rate of 150
L/m /mo during a six-month growing season, The site is assumed to be
irrigated with contaminated water for 10 years prior to the beginning
of the scenario. The individual obtains his entire diet (or a frac-
tion of it) from a 1 ha irrigated field, and drinks 1.2 L of water per
day from a contaminated water source. In addition, he is assumed to
be exposed 2000 h/yr by external exposure and inhalation of resus-
pended radionuclides that are deposited on the surface of the soil by
the irrigation water. Doses to total body, bone, lungs, thyroid and
LLI are considered. Irrigation and drinking water may be from the
same or separate water supplies. When providing the inventory, the
user is asked for radionuclide concentration in drinking and irriga-
tion water separately. Irrigation or drinking water can be individ-
ually simulated by entering zero concentrations for the other pathway.
The user may modify the irrigation rate, the length of the irrigation
season, the time of Irrigation prior to the scenarto, the fraction of
diet grown with contaminated irrigation water, the consumption of
drinking water, the times of exposure, the resuspension equation
selection. the reference site size, and the organ selection.

(5) User-Defined $conario. The user may construct his own scenario by
selecting exposure pathways and defining conditions associated with
each pathway.

2.1.4 Mathematical Models

Equations are arranged to aid understanding of the model as a whole. Con-
sequently equations contain both environment-defined and scenario-defined
parameters as distinguished in Section 2.1.1. The origin of the parameters
will be discussed when applicable for each equation.

The fundamental relationship for calculating radiation doses to people from
any radionuclide exposure pathway Is given in Equation 2.1 (Soldat.
Robinson, and Baker 1974)

Ripr = Cip Up Dipr (2.1)

2.7
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Onsite Disposai Envirorment Surface Sail PLANSOURC (External), continued
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U 238+D 5.0
NP237+D 6.6E+01
PU241+D 1.1
SR89 5.7E-01
Y 89M 0.0
SR90 3.OE-02
Y 90 1.9
M099 4.5E+01
TC99M 1.9E+01
TC99 4.OE-03
RU103 1.8E+02
RN103M 5.1E-02
PD103 2.8E-01
I 129 4.3E-01
CS134 6.OE+02
C3135 1.3E-03
CS137 4.1E-02
BA137M 2.2E+02
CE141 1.OE+01
SM151 2.4E-04
U 235 2.0E+01
TH'L31 1.3
PA231 8.6
AC227 1.3E-02
TH227 2.5E+01
FR223 7.6
RA223 2.6E+01
NP237 1.9
PA233 6.0E+01
U 233 4.2E-03
TH229 1.8
RA225 6.8E-01

!

^

AC225 1.7
U 238 9.8E-03
TN234 7.5E-01
PA234M 2.9
PA234 6.3E+02
PU242 8.1E-04
NP238 2.OE+02
PU238 2.9E-03
CM244 1.8E-03
Plf244 6.8E-07
U 240 3.4E-02
PU240 2.7-c-03
CM243 2.SE+01
PU243 2.7
AM243 3.6
NP239 2.9Ei01
PU239 2.9E-03
PU241 2.9E-12'
AM241 1.1
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where

Ripr = the radiation dose equivalent or committed radiation dose
equivalent from radionuclide I via exposure pathway p to
organ r (rem)

Cip = concentration of radionuclide I in the media of exposure
pathway p; for calculations involving airborne radion_clider>.
C is replaced with the term Xi, which represegts the average
a0borne concentration of radionuclide i(pCi/ne, pCi/L,
or pCi/kg)

Up = usage parameter ( exposure rate or intake rate) associated with
exposure pathway p (h/yr, L/yr, or kg/yr)

D = radiation dose equivalent factor or the committed docaipr
equivalent factor for radionuclide i exposure pathway p and
organ r to convert the concentration and usage parameters to

On the radiation dose equivalent or to the committed radiation
dose equivalent (nrem/pCi)

'^0
An analysis of radiation doses from separate exposure pathways requires a

^ determination of the radionuclide concentrations and exposure rate or
intake rate associated with each exposure pathway. For external exposure,^
the concentration of radionuclides and the duration of exposure must be
quantified. For Ingestion of farm products grown on a contaminated site,
the radionuclido concentration in separate food products must be determined
by accounting for root transfer from soil, dry deposition from air on
leaves, or animal consumption of contaminated forage or feed. The annual

,,.,. diet for the maximally exposed individual, and the holdup time between
harvest and consumption must also be determined.

For inhalation, the airborne concentration of resuspended radionuclides can
be determined directly from the ground concentration using a mass-loading
factor, resuspension factor, or resuspension rate analysis (Anspaugh et al.

N 1975). Site-specific parameters can be used to determine the exposure
pathways and the radionuclide mixture, pathway concentrations, and exposure

0% or intake rates.

Parts of this relationship are calculated in three MAX! codes as follows:

C • Concentrations are calcul•,=ei in MAX!. Some terms in the equationsiF
were calculated in MAXI2 (for food pathways) and MAXI3 (aquatic
pathways) and the results are located in the data base. These terms
will be identified as each equation Is discussed.

U • Default (assumed maximum) ussge terms are applied in MAXI2 (foodp
pathways) and MAXI3 (aquatic pathways) and the resulting factors
are stored in the data files. A modification factor can be applied
to this term in MAX!! to reduce the exposure conditions.

2.8
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Onsite Disposal Enairoru*cant Sucfaca Soit PLhMSOURC (External)

ONSITE/BIOPO2T EXTERNAL DRFS FOR SURFACE (PLP,NE SOURCE) 10-APR-84 RAP
PLAlJ 1C0

H 3 0.0
C 14 6.2E-04
NA22 4.3E+02
P 32 9.2E-01
P 33 9.4E-01
S35 0.0
CL36 2.BE-01
K 40 5.7E+01
CA45 2.8E-03
SC46 7.2E+02
CR51 1.1E+Q1
MN54 2.9E+02
FES5 0.0
FE59 4.OE+02
C057 2.1E+01
0060 8.6E+02
NI59 0.0
NI63 2.5E-14
ZN65 2.2E+02
SE75 9.2E+01
SR85 1.8E+02
SR90+D 1.9
M093 1.4
N894 5.3E+02
RU106+D 8.9E+02

tf) CD109 7.6
AG110N,+D1.OE+03
IN111 7.6E+01
SB124 7.2E+02

A!9 5B125+D 1.7E+02
I 125+0 8.8E-01
I 131+D 1.2E+02
CS137+D 2.1E+02

^ CE144+D 1.7E+01
EU152 4.pE+02
EU154 4.3E+02
TB160 3.BE+02
0S185 2.5E+02
OS191 7.9
IR192 2.5E+02
HG203 4.7E+01
F3210+D 3.4E-01
RA226+D 1.3
TH228+D 3.3E+01
TH230+D 1.3
TH232+D 3.2E+02

< U 233+D 4.2
U 234 6.9E-02
U 235+D 8.9E+01
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Dipr • This term is applted in MAXI2 for food pathways and R9AXI3 for
aquatic pathways in the generation of the data files accessed by
D1AXI1.

Calculation of the annual dose to an organ of reference by the MAXI1
computer program requires the dose equivalent from exposure during the year
of interest plus the annual dose resulting from previous years of intake.
The general expression for annual dose calculations is deduced by
inspecting the annual dose equations for the first three years of con-
tinuous exposure. The annual dose for the first year to an organ of
reference is simply the summation of the radiation dose equivalents from
all internal and external exposure pathways. For the second year, the
annual dose is calculated by the following expression (Kennedy et al.
1979):

Ca+

•
A2 = R2 + (R1,2 - R1.1)

(2.2)

V' where
m A2 = the annual dose during the second year from all exposure

pathways to the organ of reference, mrem

^• • *
R2 = the radiation dose equivalent in the second year to the organ

00 of reference from all internal and external exposure pathways
from intake and exposure in the second year, mrem

t_r?
R1 2= the committed dose equivalent to the organ of reference for

-7 the first two years from radionuclides internally deposited
during intake from exposure pathways In the first year, mrem

RI'1 = the radiation dose equivalent to the organ of reference for
e the first year from radionuclides internally deposited during

intake from exposure pathways in the first year (no external
gy component to the dose equivalent), mrem.

(y^ The second-year annual dose to an organ of reference (A2 in Equation 2.2)
is the summation of the radiation dose equivalents from all exposure
pathways during the second year and the dose equivalent delivered during
the second }ear from the radionuclides internally deposited in that organ
during the iirst year. The term in parentheses in Equation 2.2 is the
expressicn for the dose equivalent to the organ of reference from radio-
nuclides deposited in that organ during the first year. It is found by
subtracting the fir•st-year dose equivalent, resulting from internally
deposited radionuclides, from the second-year committed dose equivalent.
The mathematical expression for the annual dose to an organ of reference in
the third year of continuous exposure is (Kennedy et al. 1979):

2.9
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Onsite Di sposal Environ.aent FILE21 (Soil), pa ga 1

Soil Tncremantat Dose Factors for OMSITE/BIOPORT Environment - 16-APR-84 RAP
SOIL 50 99 5

1 6 8 16 23

H 3 3.54E-;.0 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00
C 14 4.66E-09 2.04E-08 O.OOE+00 0.00E+00 3.27E-09
NA22 2.12E-09 0.00E+00 O.OOE+00 0.00E+00 1.37E-09
P 32 5.14E-07 1.33E-05 O.00E+00 O.OOE+00 1.76E-06
P 33 1.16E-07 3.13E-06 O.OOE+00 0.00E+00 2.53E-07
S 35 4.61E-09 1.02E-08 O.OOE+00 O.OOE+00 0.00E+00
CL36 1.33E-04 0.00E+00 O.OOE+00 0.00E+00 3.50E-05
K 40 3.24E-05 0.00E+00 O.OOE+00 O.OOE+00 3.52E-06
CA45 5.17E-11 2.33E-09 0.00E+00 O.OOE+00 1.86E-10
SC46 2.69E-15 4.73E-15 O.OOE+00 0.00E+00 5.49E-11
CR51 4.47E-16 0.00E+00 9.23E-16 2.67E-16 1.39E-13
tfiN54 2.20E-11 O.OOE+00 0.00E+00 0.00E+00 4.21E-10
FESS 4.61E-14 2.14E-13 6.94E-14 O.OOE+00 5.30E-13
FE59 1.20E-12 1.39E-12 8.71E-13 0.00E+00 1.46E-11
0057 2.25E-12 0.00E+00 O.OOE+00 O.OOE+00 3.96E-11
C060 3.69E-11 0.00E+00 O.OOE+00 0.00E+00 3.54E-10
NI59 4.91E-12 2.50E-11 0.OOE+00 0.00E+00 1.38E-11
N163 1.33E-11 3.40E-10 0.00E+00 O.OOE+00 3.76E-11
ZN65 2.00E-09 1.34E-09 0.00E+00 0.017+00 6.98E-09
SE75 2.99E-08 O.OOE+00 O.OOE+00 0.00::Y00 O.OOE+00
Sn^85 8.44E-10 6.99E-10 O.COE+00 O.OOEi00 O.OOE+00
SR90+D 7.8BE-09 2.94E-08 O.OOE+00 O.00E+00 1.38E-08
M093 2.79E-11 0.00E+00 0.00E+00 O.OOE+00 1.91E-10
NB94 1.00E-13 0.00E+00 0.00E+00 O.OOE+00 3.28E-10
RU106+D 2.85E-12 2.18E-11 0.00E+00 O.OOE+00 i.67E-09
C0109 6.66E-12 O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00
AG110b1+D 1.95E-11 3.23E-11 O.OOE+00 O.OOE+00 1.52E-08

IN111 1.16E-13 2.09E-13 0.00E+00 4.68E-14 9.45E-10
SB124 9.24E-12 2.18E-11 1.79E-11 6.12E-14 8.08E-10
SB125+D 3.58E-12 1.17E-11 1.03E-11 1.76E-14 2.16E-10
I 125+D 8.80F-11 4.10E-10 0.00E+00 7.21E-08 1.04E-11
I 131+D 5.63E-11 6.93E-11 O.OCE+00 3.21E-08 2.97E-11
CS137+D 1.28E-10 1.29E-10 2.03E-11 0.00E+00 7.00E-12
CFi44+D 4.93E-15 7.84E-14 O.OOE+00 0.00E+00 7.71E-11
EU152 1.72E-14 4.53E-14 O.OOE+00 0.0OE+00 6.40E-11
EU154 2.49E--14 1.59E-13 0.00E+00 0.00E+00 1.37E-10
.B160T 9.58E-15 7.60E-14 O.OOE+00 0.00E+00 !..OSE-10
05185 3.21E-10 0.00E+00 0.00E+00 0.00E+00 :.13E-08
05191 3.57E-11 0.00E+00 0.00E+00 O.OCE+00 4.1'_"E-09
IR192 9.65E-12 O.OOE+00 0.00E+00 0.00E+00 7.91E--10
HG203 6.25E-09 0.00E+00 0.00E+00 0.00E+00 9.90E-09
PB210+D 3.01E-09 4.33E-08 0.00E+00 0.00E+00 3.48E-09
RA226+D 5.23E-09 5.26E-09 0.00E+00 0.00E+00 4.42E-10
TI-1228+D 1.03E-11 3.03E-10 0.00E+00 0.00E+00 2.36E-09
111230+0 2.43E-12 8.59E-11 0.00E+00 0.00E+00 2.54E.-10
TH232+D 3.16E-12 9.56E-11 0.00E+00 0.00E+00 2.16E-10
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A3 = 4 + (R1,3 - R1,2) + (R2,2 - R2,1)
(2.3)

where

A3 = the annual dose during the third year from all exposure
pathways to the organ of reference, mrem

R3 = the radiation dose equivalent in the third year to the organ
of reference from all internal and external exposure pathways
from intake and exposure in the third year, mrem.

In Equation 2.3, the terms R R and R are similar in form, each
^d' Fi^k?containing two subscripts. fi subsc t defines the year of intake

or exposure after the start of continuous exposure, and the second defines
the number of years used in calculating the committed dose equivalent. The
quantity in the first parentheses is the dose equivalent to the organ of

.^.^ reference in the third year from radionuclides deposited during the first
year of continuous exposure (i.e., the difference between the third-year

^ committed dose equivalent and the second-year committed dose equivalent).
The quantity in the second parentheses is the dose equivalent in the third
year to the organ of reference from radionuclides deposited during the
second year of continuous exposure (i.e., the difference between the second-

CO year committed dose equivalent and the first-year committed dose equivalent)

The general expression for calculating the annual dose to an organ of
reference during any year after the start of continuous exposure is
expressed as (Kennedy et al. 1979):

* t-l
At Rt + Ri i) (2.4)i+l) - R(t (, - i, t-

^

CA where

o,t = the annual dose during the year t from all exposure pathways to
the organ of reference, mrwn

n
Rt = the radiation dose equivalent in year t to the organ of

reference from all internal and external exposure pathways from
intake and exposure in the year t, mrem.

The summation term In Equation 2.4 represents the dose equivalent delivered
to the organ of reference in year t from radionuclides deposited in the
organ from intake in all previous years since the stert of continuous
exposure. This term is valid only for positive integer values of t. For t
equal to 1, the summation term is zero.

2.10
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Onsite Disposal Environment FILE20 (Leaf), page 1
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Leaf Incremental Dose Factors for ONSITE/BIOPORT Environment - 16-APR-84 RAP
LEAF 50 99 5

1 6 8 16 23

H 3 1.44E-06 O.00E+00 0.00E+00 0.00E+00 0.00E+00
C 14 1.67E-05 7.31E-05 0.00E+00 0.00E+00 1.17E-05
NA22 1.27E-03 0.00E+00 0.00E+00 0,00E+00 8.24E-04
P 32 1.23E-04 3.18E-03 0.00E+00 0.00E+00 4.20E-04
P 33 3.14E-05 8.46E-04 0.00E+00 0.00E+00 6,83E-05
5 35 1.94E-04 4.31E-04 0.00E+00 0.00E+00 O.00E+00
CL36 1.55E+00 0.00E+00 0.00E+00 0.00E+00 4.07E-01
K 40 5.23E+00 O.OOET00 0.007+-00 0.00E+00 5.69E-01
CA45 1.90E-05 8.57E-04 0.00E+00 0.,00E+00 6.05E-05
SC46 1.91E-08 3.36E-08 0.00E+00 0.00E+00 3.91E-04
CR51 1.40E-08 0.00E+00 2.88E-08 8.33E-09 4.34E-06
MN54 6.36E-06 0.00E+00 0.00E+00 0.00E+00 1.22E-04
FESS 1.14E-06 5.28E-06 1.71E-06 0,00E+00 1.31E-05
FE59 2.41E-05 2.79E-05 1.75E-05 0.OCE+00 2.94E-04
C057 2.17E-06 0.00E+00 0.00E+00 0.00E+00 3.82E-05
C060 3.68E-05 O.OOE+00 O.OOE+00 0.00E+00 3.63E-04
NI59 3.47E-06 1.77E-05 O,00E+00 0.00E+00 9.76E-06
N163 9.45E-06 2.41E-04 0.ME+00 0.00E+00 2.66E-05
ZN65 7.04E-05 4.71E-05 0.00E+00 0.00E+00 2.46E-04
SE75 2.85E-04 0.00E+00 0.00E+00 0.OOE+00 0.00E+00
SR85 4.03E-05 3.34E-05 0.00E+00 0.00E+00 0.00E+00
SR90+D 4.29E-04 1.60E-03 0.00E+00 O.00E+00 7.50E-04
M093 2.98E-06 0.00E+00 0.00E+00 0.00E+00 2.04E-05
NB94 1.12E-07 0.00E+00 0.00E+00 0.00E+00 3.64E-04
RU106+D 2.39E-06 1.83E-05 0.00E+00 0.00E+00 1.40E-03
CD109 2.00E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00
AG11OM+D 3.86E-06 6.41E-06 C.OOE+00 0.00E+00 3.01E-03
IN111 1.20E-09 2.18E-09 0.00E+00 4.88E-10 9.84E-06
S8124 7.11E-06 1.68E-05 1.38E-05 4,71E-08 6.22E-04
SB125+D 3,18E-06 1.04E-05 9.09E-06 1.56E-08 1.91E-04
I 125+D 7.36E-05 3.43E-04 0.00E+00 6.03E-02 8.66E-06
I 131+D 3.05E-05 3.75E-05 0.00E+00 1.74E-02 1.61E-05
05137+0 9.OOE-04 9.08E-04 1.43E-04 0.00E+00 4.93E-05
CE144+D 8.24E-08 1.31E-06 0.00E+00 0.00E+00 1.29E-03
EU152 6.03E-08 1.59E-07 0.00E+00 0.00E+00 2.25E-0a
EU154 8.72E-08 5.58E-07 0.00E+00 0.00E+00 4.80E-04
TB160 2.82E-08 2.24E-07 0.00E+00 0.00E+00 3.10t-04
05185 9.01E-05 0.00E+00 0.00E+00 0.00E+00 3.18E-03
0S191 7.33E-06 0.00E+00 0.00E+00 0.00E+00 8.51E-04
IR192 8.51E-06 0.00E+00 0.00E+00 0.00E+00 6.98E-04
HG203 2.35E-04 0,00E+00 0.00E+00 0.00E+00 3.72E-04
PB210+D 3.82E-04 5.51E-03 0.002+00 0.00E+00 4.43E-04
RA226+D 3.34E-02 3.36E-02 0.00E+00 0.00E+00 2.83E-03
TH228+D 2.12E-05 6.26E-04 0.00E+00 0.00E+00 4.87E-03
TH230+D 5.11E-06 1.80E-04 0.00E+00 0.00E+00 5.32E-04
TH232+0 6.62E-06 2.OOE-04 0.00E+00 0.00E+00 4.53E-04
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The annual dose, At, to the organ of reference is calculated for each value
of t from 1 to 50, and the maximum annual dose is determined by inspection.
Experience with this method to date indicates 50 years to be a suitable
maximum value of t; however, higher maximum values are not precluded. The
radiation dose equivalent terms required by Equation 2.4 are determined
from Equation 2.1 using existing radiation dose computer programs for
pertinent radiation-exposure pathways. Details about the methods of calcu-
lating the radionuclide concentrations in various media, C from
Equation 2.1, are given in Sections 2.1.4.1 through 2.1.4.SiP

No special algorithms or numerical techniques are employed by the ONSITE/
MAXI1 computer programs apart from those required to solve Equation 2.4.
However, special formulations for some of the parameters in Equation 2.1
are available in the exposure scenario analysis. Other formulations are
directly included in the calculation of the dose conversion factors used by
MAXI1. The following sections contain discussions of optional and default
equations that are incorporated into the ONSITE/MAXI1 software package.

2.1.4.3 Dose From Ingestion of Food Products

C) The dose conversion factors for the ingestion of food products accessed by
the MAXI1 computer program are obtained from data files that_were gbnerated

^ by the MAXI2 computer progran for the onsite disposal environment. The
dose from any food pathway is given by Equation 2.1. Radionuclides can be

on deposited on the leaves of plants directly from the air or from irrigation
water, and can be taken up by the plant roots.

.ry

For direct deposition from the air, Equation 2.5 is used to describe the
deposition of airborne particulate radionuclides directly onto food
products and onto the ground.

N
dj = 86,400 Xi Vdi (2.5)

CQ^ where

di = deposition rate or flux of radionuclide I, pCi/(m2-day)

86,400 = dimensional conversion factor, seconds/day

Xi = average air concentration of radionuclide i is estimated
using eilher the mass-loading or resuspension factor
as pCi/m

Vdi = deposition velocity of radionuclide i, m/second, is assumed
in MAXI1 to be 1 x 10-3 m/sec for all particles.

2.11
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Radionucli de Master Library for MAXI - P180LIB, continued

RN222 3.82E+O 3 2 1.0 11
P8210 8.14E+3 4 3 1.0 0 23
B1210 5.OSE+O 5 4 1.0 0 23

P0210 1.38E+Z 6 5 1.0 0 23
U 232 2.62E+4 1 0 0 23
iH232 4.16E13 2 0 0 23
RA228 2.10E+3 3 2 1.0 0 23
AC228 2.55E-1 4 3 1.0 0 23

TH228 6.99E+2 5 4 1.0 1 1.0 23
RA224 3.66E+0 6 5 1.0 0 23
PB212 4.43E-1 7 6 1.0 0 23
BI212 4.20E-2 8 7 1.0 0 23

U 235 ?.59E11 1 0 0 23
7N231 1.06E+0 2 1 1.0 0 23

PA231 1.19E+7 3 2 1.0 0 23
AC227 7.95E+3 4 3 1.0 0 23
TN227 1.87E+1 5 4 0.9862 0 23

C? FR223 1.51E-2 6 4 0.0138 0 23
RA223 1.14E+1 7 5 1.0 6 1.0 23

U 237 6.75E+0 1 0 0 23
NP237 7.82E+8 2 1 1.0 0 23
PA233 2.70E+1 3 2 1.0 0 23
U 233 5.79E+7 4 3 1.0 0 23
111229 2.68E+6 5 4 1.0 0 23
RA225 1.48E+1 6 5 1.0 0 23
AC225 1.00E+1 7 6 1.0 0 23
U 238 1.65E12 1 0 0.0 0 23
TH234 2.41E+1 2 1 1.0 0 23
PA234M 8.13E-4 3 2 1.0 0 23
PA234 2.81E-1 4 3 0.0013 0 23

AM242M 5.55E+4 1 0 0 23
A4242 6.68E-1 2 1 1.0 0 23
CM242 1.63E+2 3 2 0.827 0 23

• PU242 1.41E+8 4 2 0.173 0 23
NP238 2.18E+0 5 0 0 23
PU238 3.ZiE+4 6 5 1.0 3 1.0 23
CM244 6.61E+3 1 0 0 23
PU244 3.02E10 2 0 0 23
U 240 5.88E-1 3 2 0.999 0 23
PU240 2.39E+6 4 3 1.0 1 1.0 23
C14247 5.70E+9 1 0 0 23
0t4243 1.04E+4 2 0 0 23
PU243 2.06E-1 3 1 1.0 0 23
AM243 2.70E+6 4 3 1.0 2 0.0024 23
NP239 2.36E+0 5 4 1.0 0 23
PU239 8.91E+6 6 5 1.0 2 0.9976 23
C14245 3.10E+6 1 0 0 23
PU241 5.26E+3 2 1 1.0 0 23

' AM241 1.58E+5 3 2 1.0 0 23
0

1.C-6
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The FIAJQI computer program permits selection of two methods for calculating
the average air concentration. These aethods are mass-loading and ro:us-
pension analysis. The mass-loading method uses the product of the surface
soil radionuclide concentration ana the average mass-loading of dust or
particulate material In the atrr.osph$re. In the absence of data for a
particular site, a value of 1 x 10- 9/4^ has Goon suggostao for predictive
purposes (tPA 1977; Anspaugh at al. 1975). This valo® is used In thts
report for the annual average mass-loading factor.^Annual arittx^tic
averages around the United States vary from 9 x 10 to 7.9 x 10- glm3
(Anspaugh at al. 1977).

For resuspension, the average airborne concentration is the product of a
resuspension factor and tne surfaca contamination level as shoun in
Eguation 2.6.

XaSfSA

whore

(2.6)

k A average airborne concentratlon, pCi/m3

Sf * resuspension factor, m1

SA = surface radioactivity, p^,t/m2.

The MAXI1 computer program permits the use of a time-dependent rnauspension
factor (Sf) as given by Anspaugh at al. (1975):

Sf 104e1 1 t r10g (2.7)

Sf = resuspension factor, nsI

10-4 = resuspension factor at time t s 0, m1

a= effective decay constant controlltn2le availability of
material for resuspansion. 0.15 day

t- time after deposition, days

104 a resuspenston factor after 17 years, m1.
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I 131
XE131M
TE132
I 132
TE133M
TE133
I 133
XE133M
XE133
TE134
I 134
CS134M
CS134
I 135
XE135M
XE] 35
C8135
XE137
CS137
BA137M
XE138
CS138
XE139
CS139
BA139
XE140
CS140
BA140
LA140
BA141
LA141
CE141
BA142
LA142
CE143
PR143
CE144
PR144
N0144
ND147
PM147
SM147
PM148M
PM148
PM151
SM151
W 187
RE187
TH230
RA226

Radionuclide Master Library for MAXI - RP4DLIB, continued

8.04E+0 3 2 1.0 1 0.778 12
1.19E+1 4 3 0.0109 0 11
3.26E+0 1 0 0 13
9.58E-2 2 1 1.0 0 12
3.B5E-2 1 0 0 13
8.64E-3 2 1 0.13 0 13
8.67E-1 3 2 1.0 1 0.87 12
2.19E+0 4 3 0.029 0 11
5.24E+0 5 4 1.0 3 0.971 11
2.90E-2 1 0 0 13
3.65E-2 2 1 1.0 0 12
1.21E-1 1 0 0 11
7.53E+2 2 1 1.0 0 11
2.75E-1 1 0 0 12
1.09E-2 2 1 0.166 0 11
3.78E-1 3 2 1.0 1 0.834 11
8.40E+8 4 3 1.0 0 11
2.66E-3 1 0 0 11
1.10E+4 2 1 1.0 0 11
1.77E-3 3 2 0.946 0 13
9.84E-3 1 0 0 11
2.24E-2 2 1 1.0 0 11
4.98E-4 1 0 0 11
6.53E-3 2 1 1.0 0 11
5.74E-2 3 2 1.0 0 13
1.85E-4 1 0 0 11
7.64E-4 2 1 1.0 0 11
1.28E+1 3 2 1.0 0 13
1.68E+0 4 3 1.0 0 23
1.27E-2 1 0 0 13
1.64E-1 2 1 1.0 0 23
3.25E+1 3 2 1.0 0 23
7.43E-3 1 0 0 13
6.44E-2 2 1 1.0 0 23
1.38E+0 1 0 0 23
1.36E+1 2 1 1.0 0 23
2.84E+2 1 0 0 23
1.20E-2 2 1 1.0 0 23
8.77E17 3 2 1.0 0 23
1.11E+1 1 0 0 23
9.58E+7 2 1 1.0 0 23
3.91E13 3 2 1.0 0 23
4.13E+1 1 0 0 23
5.37E+0 2 1 1.0 0 23
1.18E+0 1 0 0 23
3.29E+4 2 1 1.0 0 23
9.95E-1 1 0 0 23
1.83E13 2 1 1.0 0 23
2.81E+7 1 0 0 23
5.84E+5 2 1 1.0 0 23

1. C-5
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The second term in Equation 2.7 (10'3) is added based on no assumption
that there is no further measurable decrease in the resuspension factor
process after about 17 years, the longest period for which data are avail-
able.

For dopo;itfon pn plant leaves or soil from irrigation, the deposition rate
In pCi/m`-day di for rad'onuclido t€rom irrigation water onto the ground.
is defined by Equat:on 2.8.

df = Ciw I (2.6)

where

!^ r
^'.

^

tRd

0%

,i

+` E

_.i

^..

dj = dcposition rato or flux pf ra7ionuclides appliad with
irrigation water, (pCi/m[-day)

Ciw = concentration of radionuclide I in the water used for
Irrigation, pC(/L

I= irrigation rate; the ar..ouqt of water sprinkled on a unit area
of field In one day. L/(m'-dav).

The concentration of radioactive material in vegetation resulting from
direct deposition onto plant foliage and uptake of radionuclides previously
depositod in the soil is detennined by Equacion 2.9.

Civ Q [LdLj+ di}r 7v (1 - exp (-}.Eite 1
) (di + di) ft8vi (

1 exp [ },itbl ^
yv X Ei p

+ 0.15f
tCsi8vi + fwCtiBvt^ exp ( tfth)
p

where

(2.9)

Civ = concentration of radionuclide I In the edible portion of the
vegetation. pCi/kg

di = previously defined (xee Equation 2.5), pCi/(m2-day)

r= factor of deposition retained on the vegetation
(dimensionless). taken to be 0.25

2.13
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Radionucli de Master Library for MAXI - R#",OE.IB> continued

SR91 3.96E-1 1 0 0 13
Y 91M 3.45E-2 2 1 0.58 0 13
Y 91 5.85E+1 3 2 1.0 1 0.42 13
SR92 1.13E-1 1 0 0 13
Y 92 1.48E-1 2 1 1.0 0 13
Y 93 4.21E-1 1 0 0 13
ZR93 5.59E+8 2 1 1.0 0 13
N893M 4.97E+3 3 2 0.25 0 1.3
ZR95 6.40E+1 1 0 0 13
NB95M 3.61E+0 2 1 0.007 0 13
NB95 3.52E+1 3 2 1.0 1 0.993 13
ZR97 7.04E-1 1 0 0 13
N897M 6.94E-4 2 1 0.946 13
NB97 5.01E-2 3 2 1.0 1 0.054 13
M099 2.75E+0 1 0 0 13
TC99M 2.51E-1 2 1 0.868 0 13
TC99 7.78E+7 3 2 1.0 1 0.132 13

CO RU103 3.94E+1 1 0 0 13
PD103 1.70E+1 2 0 0 13
RH103M 3.93E-2 3 1 .9974 1 .9997 13
RU105 1.85E-1 1 0 0 13

N RH105M 5.21E-4 2 1 0.28 0 13
RH105 1.47E+0 3 2 1.0 1 0.72 13

. RU106 3.68E+2 1 0 0 13
RH106 3.46E-4 2 1 1.0 . 0 13

^r PD109M 5.43E-5 1 0 0 13
PD109 5.61E-1 2 1 1.0 0 13

¢a'} AG109M 4.58E-4 3 2 1.0 0 13
AG110M 2.52E+2 1 0 0 13

"^r AG110 2.85E-4 2 1 0.0113 0 13
IN114M S.ODE+1 1 0 0 13

C^4 IN114 8.33E-4 2 1 1.0 0 13
CD115M 4.46E+0 1 0 0 13

- CD115 2.23E+p 2 0 0 13
IN115M 1.88E-1 3 2 1.0 0 13

i~1 IN11S 2.19E1/ 4 3 0.963 1 1.0 13
SN125 9.64E+C 1 0 0 13
SB125 1.01E+3 2 1 1.0 0 13
TE125M 5.80E+1 3 2 0.23 0 13
SN126 3.65E+7 1 0 0 13
SB126M 1.32E-2 2 1 1.0 0 13
SB126 3.75E-1 3 2 0.14 0 13
SB127 3.85E+0 1 0 0 13
TE127M 1.09E+2 2 1 0.139 0 13
TE127 3.90E-1 3 2 0.976 1 0.861 13
TE129M 3.36E+1 1 0 0 13
TE129 4.83E-2 2 1 1.0 0 13
I 129 5.73E+9 3 2 1.0 0 12
TE131M 1.25E+0 1 0 0 13
TE131 1.74E-2 2 1 0.222 0 13

1. C- 4
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T= factor for translocation of externally deposited radio-
v nuclides to the edible parts of the vegetation ( dimension=

less). For simplicity, this parameter is assumed to be
independent of the radionuclide and is assigned values of 1
for leafy vegetables and fresh forage and 0.1 for all other
produce, including grain

ai = radiological decay constant for radionuclide Is days-1

iEi = the effective removal constant for radionuclide I. days1;
X
Ef X i

+
)'w

a= weathering rcmovai tonstant for vegetation, days'1; taken to
w be (0.593/14) days-!

Yv = vegetation yield, kg (wet weight)/m2

8v1 = concentration factor for uptake of radionuclide t from the
soil in vegetation v. pCi/kg (wet weight) per pCi/kg
soil (dry)

tn = time for buildup of radionuclides in the soil, days; assumed
to be 50 years for irrigation

te = time of exposure of aboveground vegetation to contamination
during growing season, days

ft = fraction of the roots in the plow layer of soil
(dimensionless)

th = holdup time between harvest and food consumption; days

psoil "su5face density." kg (dry soil)/m2; a value of
224 kg/m is used assuming the contaminated grouRd is plowed
to a depth of 15 cm (Napier et al. 1980)

Csi = concentration of radionuclide i available for plant uptake
from the was^e contained in the plow layer (top 15 an of
soil), pCi/m

0.15 = plow layer, m

fw = fraction of the roots that penetrate the waste trenches
(dimensionless)

Cti = concentration of radionuclide i avail b1e for plant uptake
from the subsurface waste zone, pCi/m^

P= bulk soil density of subsurface material, kg/m3

2.14
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^ Radionucli de Master Library for MAXI - RMDIIB, continued

W 185 7.51E+2 1 0 0 23
OS185 9.40E+1 1 0 0 23
0S191 1.5E+1 1 0 0 23
IR192 7.3E+1 1 0 0 23
HG203 4.66E+1 1 0 0 23
PB210+D 8.14E+3 1 0 0 23
BI210+D 5.01E+0 1 0 0 23
RN222+D 3.82E+0 1 0 0 11
RA223+D 1.14E+1 1 0 0 23
RA224+D 3.66E+0 1 0 0 23
RA225+0 1.48E+1 1 0 0 23
RA226+D 5.84E+5 1 0 0 23
RA228+0 2.10E+3 1 0 0 23
AC227+0 7.95E+3 1 0 0 23
7H227+0 1.87E+1 1 0 0 23
Tri228+D 6.99E+2 1 0 0 23
7x230+0 2.81E+7 1 0 0 23
7N232+D 5.13E12 1 0 0 23

CN, PA231+D 1.19E+7 1 0 0 23
U 232+0 2.b2E+4 1 0 0 23

Cm
U 233+D 5.79E+7 1 0 0 23
U 234 8.91E+7 1 0 0 23

^ U 235+D 2.59E11 1 0 0 23
U 236 8.55E+9 1 0 0 2-'
U 238+0 1. 65E12 1 0 0 23
NP237+D 7.82E+8 1 0 0 23

iry PU236 1.04E+3 1 0 0 23
PU237 4.56E+1 1 0 0 23
PU241+D 5.26E+3 1 0 0 23
C6S246 1.73E+6 1 0 0 23
CM247+D 5.70E+9 1 0 0 23
CM248 1.24E+8 1 0 0 23

- CF252 9.64E+2 1 0 0 23
ZN69M 5.73E-1 1 0 0 13

tV ZN69 3.96E-2 2 1 1.0 0 13
BR83 9.96E-2 1 0 0 11

*A KR83M 7.62E-2 2 1 1.0 0 11
BR85 1.99E-3 1 0 0 11
KRBSM 1.87E-1 2 1 1.0 0 11
KR85 3.92E+3 3 2 0.211 0 11
KR87 5.30E-2 1 0 0 11
P887 1.72E13 2 1 1.0 0 11
KR88 1.18E-1 1 0 0 11
R888 1.24E-2 2 1 1.0 0 11
KR89 2.20E-3 1 0 0 11
R889 1.06E-2 2 1 1.0 0 11
SR89 5.06E+1 3 2 1.0 0 13
Y 89M 1.86E-4 4 3 0.000 2 0 13

• SR90 1.04E+4 1 0 0 13
Y 90 2.67E+0 2 1 1.0 0 13

, .. . ^

.
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The first term Inside the brackets of Equation 2.9 relates to the concen-

tration resulting from direct deposition of resuspended matorial and

irrigation on foliage during the growing season. The second term relates

to the plant uptake from the soil and reflects the deposition from irriga-

tion. The third and fourth terms account for uptake of waste material

contained in the top 0.15 m of soil and below this layer. respectively.

Specific values used for the parameters in Equation 2.9 located in data

libraries are found In Napier et al. (1980).

The following terms of Equation 2.9 are located in the MAXI1 computer coda:

dS + d^ dift 0.15ft fwCti

The leaf machanism dose rate factors generated by the MAXI2 computer code

^. are included in the data library and are accessed by MAXI1. The following

terms of Equation 2.9 are included in those fac.tors:

0

p t
(1 - exp C-Aito7)') Ffr T ( 1 - exp C- Et tcv y

^. yv A EI pxf

CO
The soil mechanism dose rate factors generat.ed by the MAXI2 cnmputer code

are included in the data library and are accessed by MAXI1. The following

terms of Equation 2.9 are Included in those factors:
'^-

4M CslBvt rBvil exp (-aith)

p \ pJ

The radionuclide concentration in animal products such as meat, mitk, and

as eggs is dependent on the amount of contaminated forage or feed eaten by the

animal. This concentration is described by Equation 2.10.

Cia - SiaICif Of + Ciaw Caw,

where

-•

(2.10)

Cia = concentration of radionuclide I in the animal product, pCi/kg

or pCi/L

2.15
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F`A93 3.65E+4 1 0 0 13
14694 7.30E+5 1 0 0 13

M099+0 2.75E+O 1 0 0 13
TC101 9.86E-3 1 0 0 i3

R1)103+0 3.94E+l 1 0 0 13
RU105+D 1.85E-1 1 0 0 13

RU106+0 3.68E+2 1 0 0 13
PD107 2.37E+9 1 0 0 13

C0109 4.4E+2 1 0 0 13

AGIIOM+O 2.52E+2 1 0 0 13

AG111 7.45E40 1 0 0 13

IN111 2.8E+0 1 0 0 13

CD113M 4.97E+3 1 0 0 13

SN117M 1.40E+1 1 0 0 13
SNI19M 2.50E+2 1 0 0 13

SN121M 2.78E+4 1 0 0 13

SN123 1.29E+2 1 0 0 13

SN125+0 9.64E+0 1 0 0 13
SN126+0 3.65E+7 1 0 0 13

S8124 6.02E+1 1 0 0 13

SB125+D 1.01E+3 1 0 0 13

TE123M 1.17E+2 1 0 0 13
TE127W0 1.09E+2 1 0 0 13
T_125P4+D 3.36E+l 1 0 0 13

TE131M+D I.25E+0 1 0 0 13
TE131*0 1.74'c-2 1 0 0 13

TE1_`2+D 3.26E+0 1 0 0 13

TE133M+D 3.85E-2 1 0 0 13

I 125+D 5.97e+1 1 0 0 12
1 130 5.15E-1 1 0 0 12
I 131+D 8.04E+0 1 0 0 12

I 135+0 2.75E-1 1 0 0 12

CS136 1.31E+1 1 0 0 11
CS137+D 1.10E+4 1 0 0 11
CS139+0 6.53E-3 1 0 0 11

8A140+0 1.28E+1 1 0 0 13
CE143+D 1.38E+0 1 0 0 23

CE144+0 2.P^E+2 1 0 0 23
PMI48M+D 4.13E+1 1 0 0 23

PM149 2.21E+0 1 0 0 23

SM153 1.95E+0 1 0 0 23

EU152 4.97E+3 1 0 0 23

EU153 1.94E+i: 1 0 0 23

EU154 3.14E+? 1 0 0 23

EU155 1.81E+j 1 0 0 23

EU156 1.52E+1 1 0 0 23

60153 2.42E+2 1 0 0 23
T°_160 7.23E+1 1 0 0 23

H0166M 4.38E+5 1 0 0 23
N 181 1.40E+2 1 0 0 23

1.C-2
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Sia = transfor coefftcient of radionuclide i from daily intake of
the animal to the edible portion of the animal product,
pCi/L (milk) per pCi/day or pCi/kg (animal product) per
pCi/day

Cif = concentration of radionuclide I In feed or forage, pCi/kg;

calcul:.ted from Equation 2.9

(if = animal consu`nption rate of contaminated feed or ferage,
kg/day

Ciaw = concentration of radienur_lide I in the water consumed by
animals, pCi/L; assumed to be the same as the irrigation
water, Ciw (see Equation 2.8)

= = consumption rate of the contaminated water by the animal,
aw

L/day.

%0
Specific values of the parameters used In Equation 2.10 are given in Napier

^ et al. (1980).

Ck
The dose to an organ of the exposed tndividual resulting from the ingestion

of food products raised in the soil at an onsite disposal site (R in
mrwn) is found using a modified version of Equation 2.1. T6is goUral
relationship is shown in Equaticn 2.11.

OD

n

Rir ' Up fD Cip
Al Dip^, (2.11)

N

where

f0 a the fraction of the total diet grown an the site

Al = the area correction factor for internal exposure pathways.
and where Up, CiP and Dipr are for ingestion and are generally

defined in Equation 2.1.

`-`

__s-•

{

^

The data libraries for the ONSITE/MAXI1 computer program are based on a
minimum site area of 1 ha. To account for the limited exposure potential
from smaller disposal areas, site area correction factors are required.
For example, the amount of agricultural products raised on a site depends
upon the tntensity of the farming and the types of crops raised. A smal 1
site may produce a large fraction of the seasonal fruit and vegetable diet
with intensive farming, but be unable to provide enough forage and grain to
support a milk cow or other animals. Tiws, while a large fraction of the

2.16
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Radi onuclide Master Library for HA7tI - r4€JLIB

RADIONUCLIDE MASTER DATA LIBRARY !a T`+R.NSLOCATIOi1 CLASSES. 6-APR-84
-^1 H 3 4.SIE+3 1 0 0 11

BEIO 5.84E+8 1 0 0 12
C 14 2.09?E+6 I 0 0 12
N 13 6.92E-3 I 0 0 12
F 18 7.62E-2 1 0 0 11
NA22 9.50E+2 1 0 0 11
NA24 6.25E-1 1 0 0 11
P 32 1.43E+1 1 0 0 12
P 33 2.44E+1 1 0 0 12
S 3S 8.72E+1 1 0 0 12
CL36 1.1E+8 1 0 0 11
K 40 4.67E11 1 0 0 11
A2i9 9.83E+4 1 0 0 11
AR41 7.61E-2 1 0 0 11
CA41 5.11E+7 1 0 0 12
CA45 2.77E+1 1 0 0 12

lj} SC46 8.38E+1 1 0 0 13
CR51 2.77E+1 1 0 0 13

C`4 MN54 3.12Er2 1 0 0 13
MN56 1.07E-1 1 0 0 13

L'$ FESS 9.86E+2 1 0 0 13
FE59 4.46E+1 1 0 0 13
0057 2.71E+2 1 0 0 13
C058 7.08Er1 1 0 0 13

w C060 1.92E+3 1 0 0 13
N159 2.74E+7 1 0 0 13

L-`) N163 3.51E+4 1 0 0 13
N:6S 1.0Sc-1 1 0 0 13
CD64 5.29E-1 1 0 0 13
ZN65 2.44E+2 1 0 0
SE75 1.2E+2 1 0 0 :2

-"" AS76 1.IOE+O 1 0 0 12
` SE79 2.37E+7 1 0 0 12

BR82 1.47E+0 1 0 0 11
BR83+D 9.96E-2 1 0 0 11
BR84 2.21E-2 1 0 0 11
SR85 6.5E+1 1 0 0 13
KR90 3.74E-4 1 0 0 11
KR91 1.13E-4 1 0 0 11
RB86 1.87E+1 1 0 0 11
RB89+D i.06E-2 1 0 0 11
SR89+D 5.06E+1 1 0 0 13

• SR90+D ..04E+4 1 0 0 13
SR91+D 3.96E-1 1 0 0 13
SR92+D 1.13E-1 1 0 0 13
Y 91M+D 3.45E-2 1 0 0 13

^ ZR93+D 5.59E+8 1 0 ti 13
ZR95+D 6.40E+1 1 0 0 13
ZR97+0 7.04E-1 1 0 0 13
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seasonal fruit and vegetable diet may be raised on a small site, the total
quantity raised may only equal a small fraction of the total annual diet.

In determining area correction factors for the MAXI1 computer program,
consideration Is first given to the default pathway conditions and then to

• variable exposure conditions as a function of site area. For the default
conditions. the individual's entire diet, as defined in Regulatory Guide

-- 1.109 ( U.S. NRC 1977), Is assumed to be raised on the 1 ha site. This diet
consists of fruits and vegetables and meat and animal products. The air
concertrations used for the tnhalation calculations are for resuspension

result:ng from large areas of distributed surface contamination.

Becauae of ^the large variability that may exist in the exposure conditions

at any given site, we have defined default site area correction factors
that modify the aefault exposure pathway assumptions provided in the
scenario analysis.

For the ingestion and inhalation pathway, the correction factors are in the
form of a s':up function as shown In Figure 2.1-1. This function assumes
five steps of potential exposure versus site area ranging from small to
largo sitos. The st ps of total exposure are: 1) 10% for sites with

C^ areas less than 50 m^, 2) 25% for sites with areas ^etween 50 and 200 m2,
3) 50% for sites with areas betw^an 200 and 1,000 m, 4) 75% for sites with

G7 a^eas between 1,000 and 10,000 m, and 5) 100% for sites larger than 10,000
m (or 1 ha).

A step function is used rather than a continuous curve because of the
inherent uncertainty In predicting the future actions of individuals. The
step function allows consideration of small areas without forcing extreme

1= conservatism on larger areas. That is, it °mplies that the small areas may

be intensely fanned for vecetables, whereas the larger areas may be less
efficiently used (i.e., in raising cattla).

C44
2.1.4.2 Dose From Ingestion of Drinking Water

Dose conversion factors for Tngestion of drinking water used in MAXI1 are
calculated using the MAXI3 computer program and the results are stored in
the data files. The dose r in mrom, from ingestion of water containing
radionuclides, is calculate from Equation 2.12.

n

Il/ Rwr = Uw ^Ctdw
exp (- aith) D

ir fdw
(2.12)

1 2.17
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APPENDIX 1.C

CONTENTS

ABBREVIAJEQ DATA BASE LISTING

Radlnnuclidb Naswr Library for MAXI - RMDLIB ...................
Onsite u(cposal Enviroranent FILE20 (Leaf), page 1 ...............
Onsite Dosposal Environment FILE21 (Soil), page 1 ...............
Onsite Disposal Enviiornnent Surface Soil PLANSOURC (External)...
Onsite Disposal Environment Stored Waste ROOM (External) ........
Onsite Disposal Environoent FILE23 (Air), page I ................
Onsite Disposal Environment FILE24 (A,;natic), page 1............
Onsite Disposal Environment FILE25 (Drink): page 1 ..............
Onsite Disposal Environment VOLSOURC (Externai) .................
Onsito Disposal Environment BURIEDHF (External) .................
Onsite Disposal Environment BURIEDI (External) .......... .......
Onsite Disposal Environment Selected Radionuclides - RMDONS.....

! ^ / ..

1.C-1
1.C-7
1.C-8
1.C-9
1.C-11
1.C-13
1.C-14
)..C-15
1.C-16
1.C-18
1.C-20
1.C-22
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,'.- •



,'• ,
-' s

where

U = annual constenption of contaminated drinking water, L

Ci

w

dw = the concentration of radionuclide 1 in the drinking water
(input by user). pCi/L

ai = radiological decay constant for radionuclide i, days1

th = Lransit time required for radionuclide to reach the point of
exposure, days

0
ir = radiation dose equivalent factor for ingestion, mran/pCt

fdw = drinking water cleanup factor (for municipal water supplies).

^

^

2

C4

0%

10

08

0
m
c

0.6

0

a
0

N 0.4
W

0.2

0

.000 to 10.000 m' = 0 75

200to1000m'=0.50

50to200m`=0.25

J

t--Oto50rn'=0.10

I I I I
n9 nA nli nJl

Fraction of I ha

Figure 2.1-1. Area Correction Factors for the
Ingestion and Inhalation Pathways

2.18

^ ^



` "^'_'
._.a_... ._.._.^_._._._...___.....e_..^. _...^_

s •

AFv.•.^IIM 1.B CMFiER OME LISTI6G - (MISITa':

C-
C

-___-----^. ------------.»-------^--------------------

SUBR(YJTIF<'E SELECT
.̂
C This seorc:utins prints a menu of scenario selection for the
C usor and then tost validity of the user :nput.
C
C Module of ONSITE
C Version of 17-APR-84 RAP
C
^

..^
C

INQUY1E '04SITE.Ctmib
C

WRITE (SCRN.2004)
4-004 FOMahT :1 1, 24(1), 13X.

'The foitoring scenarios have been dsfined:'//
.14X,t1 - External oxposur®^J
.14X.12 - External onposuro plus inha)ation from rosusFensiont/

^i .16X.^3 - Agricultural activities '/
'

a
.14X.14 - Use of well water for Irrigation and drinking water /

IN^ .14X,15 - Usor-created seanarioe//)
^ . C

100 COtiTI4UE
WRITE (SCRPt,2046)

2006 FCRW T(14X.1To select a scenario or for additional tnformation V
.14X,Ion a scenario enter 1. 2, 3, 4, or 5: p)

REhD ( KEY,*) IRS
yr IF (IRS LT. 1.OR. IRS GT. 5) Go TO 100

C
^.' RETURM

// C

ENO

eA

^.r.

1.8-34
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The drinking-water dose rate factors calculated by the MAX13 computer code
are included in a data library •;nd are addressed by MAXI1. The following
terms in Equation 2.11 are included In thosa factors:

Uw exp (-alth) Dir fdw

2.1.4.3 Dose From Inhalation

Dose conversion factors for inhalation used in MAXI1 are calculated using
the DACRIN (Houston, Strenge, and Watson 1974) computer program and stored
in the data files. The Inhalation dose, Rhr in mrem, Is calculated using
Equation 2.13.

n

Rhr = VTtm (i * Ac) 0 Dir (2.13)

where

V= ventilation rate of sxposed individual. m3/sec

T= duration of exposure to the airborne radionuclide concentra-
tion, seconds.

tm = modification factor applted to T to adjust time if exposure
or breathing rate of 230 cc/sec (ICRP 1975)

Dir = radiation dose equivalent factor for Inhalation from the
DACRIiJ (Houston, Strenge, and Watson 1974) computer code,
mrem/pCi

Xi = the a nual average airborne concentration of radionuclide 1.
pCi/m^

A^ = the area correction factor for tn',ernal exposure pathways as
discussed in Section 2.1.4.1 and shown in Figure 2.1-1.

The following terms of Equation 2.13 are found in the MAXI1 computer code:

Xi tm Ac

. .^ ,

i g
e

^......1 ...^.

The inhalation dose rate factors calculated by the DACRIN ( Houston,
Strenge, and Watson 1974) computer code are inc:uded in a data library and

2.19
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S1OROUTIYtE SG€flR
C
C ThIs subravT4ne astah)fsnus, default Garesot®r vatu:es for the
C t+Glucte:i acsnsrfo.
c
C )!pGu1m of 6hSITE
C 6ans:an o f 2-RAY^84 R.AF
C

... C..«... ^_..v^_..,._^.._..--....__..__..««_.. «_^._..__..^«___^_......_e...._____...,_«,....^

I%CL(AE '0((SITE.Ml
C
C

DATA 'iEXT.lOUT i).0!
OATA iF,r.,, .NAT. INC. IEx'T. IAIR. I1.HAL. ISUR / 1,1.Q.1.0.1,1 /

C\S DATA ne%?C„ KORG r S, I.c.e.16.23 !
DAiA ITI. IT2 ! 1.S0 /

"°£\t DATA RIRR. F.G€1. RF'F2, RSF, IMO / ISQ.. 1.0s 1.0. 0.2. b/
DPTA PFi. RF2 / 1.0. 0.0 /

:V DATA 1DKkiAT, IO#AIR, Y.Q.SITE / 0, 0, 0.0 /
° DATA XFZ.. 122, Rlht( ! 2000.0. 0. .23 f
^ /DATA AGE. XLf'T. DEP1. )?t',.F / 0.0, 0.067, 1.0E+4. 1.0E-04

DATA GILF, k3k2 / 1.0. 1
0c, DATA, If(TRUD, IOS, ILOC. IRR / 0. It 1. 0

DATA 5RL`IL, I)auT / 0.2. 1/
I^ DATA CRSIZ, AREAIN. fREAEX. / 1.0, 1.0. 1.0/

IF tIRS EQ. 1) ILOC-2
IF (IRS LT. 3) IFOC•Q

lcV IF (IRS LT. 4) INATRO
IF (iRS EQ. 1) 15UR-0
IF (IRS EQ. 2) ISifR•0
IF (IRS EQ. 3) IEXT=0
IF (IRS EQ. 4) IExT-O
IF (IRS EQ. 5) IARriYI
IF (IRS EQ. 5) XF2mE766.

-- r_ IF (IRS .EQ.. 4) IRR = 10
IF (IRS EQ. 5) RZ4H - :.Q
IF (IPS .EQ. 5) IWAL-2
IF (IRS EQ. 1) ItiHAL-O
IF (IRS EQ. 1) RI)at(=0.0
IF (IRS EQ. 1) h'CSS;=I

C
RETlifiN

C-
C

END
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are adarossad by P1AXI1. The following terms In Equation 2.12 are included
in those factors.

D
ir

VT

2.1.4.4 Dose From External Radiation

Annual doses resulting from exposure to surface- and subsurface-soil con-
tamination or exposure in a reference rocm (or vault) are calculated using
a modified version of Section 2.2.1.2. The modified dose equation for
external exposure is shown in Equation 2.14.

n

Ac Ci (2.14)R DiU
per rp L^

f=1

where
C)

A = the area correction factor for external exposure, and where U^ pc
Di > and Ci are for external exposure and are generally
deFined In ?quation 2.1.

Co

^ For external exposuro, a sensitivity study was conducted for various beta-
gamma emitters to determine the exposure rate versus source area. The
results of the calculations are shown In Figure 2.1-2. Since the curves in
Figure 2.1-2 are parallel, there appears to be a uniform correction for
reduced site area over a largo range of source energies. Thus, we have
determined the ratio of the exposure rates (for sma11 to large area
sources) and plotted the results versus the fractional hectare of source
area as shown in Figure 2.1-3. This figure defines the area correction
factors for the external exposure pathway. We have approximated this curve
in the ONSITE computer program as the sum of four line segments as shown in
Figure 2.1-4.

The dose conversion factors for external exposure model several types of
exposure conditions. These include surface-soil contamination (using
either plane- or slab-source models), subsurface-soil contamination (using
slab sources at depths of 0.5 and 1.0 m from the soil surface), and a
finite disk source of contamination deposited on the floor or a wall in a
waste-storage room or vault. These dose conversion factors are in tissue
at a point 1 m above the ground surface. The direct exposdre rates encoun-
tered by the intruder for various contamination levels in a waste-storage
room or vault are calculated using the model developed for decommissioning
a reference room at a BWR (Oak et al. 1960). A11 of the external dose
equivalent factors are calculated for the radionuclides of concern using
the ISOSHLD (Engel et al. 1966; Simmons et al. 1967) computer program.

2.20
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WRITE (OUT. 3200) IOUT
3200 FORMAT (' IOUT='.I2,', I0N=1, $END')

C
C--- adjust inventory to proper units and write to file ------
C

WRITE (OUT, 3300) NIN, IRR
3300 FORMAT (215)
C

Do 100 I= 1, NIN
Q(I) = Q(I) * NVUNIT(INUT)
WRITE (OUT, 3400) ELTI(T_), AWI(I), (NSOLD(J,1),J=1,5),

Q(I). QI(I), QJ(I), OK(I)
3400 FORMAT (A2,A6.5I1,4(1PG10.2))
100 CONTINUE

C
C

RETURN
C

C14 C--- error routines ------------------------------------------
C

992 WRITE (SCRN,9920)
9920 FORMAT ('OError in opening output file')

GO TO 200
C

oCi 994 WRITE (SCRN,9940)
9940 FORMAT ('OError in closing output file')

L) STOP
C
C
C-------------------------------------------------------------

a,i0 END

L16
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Figure 2.1-2. Exposure Rate Versus Source Area

2.1.4.5 Dose From Ingestion of Aquatic Foods

As an option to the MAXI1 computer program, doses resulting from the inges-
tion of aquatic food products taken from a river contaminated by radio-
nuclides may be considered. These dose factors are calculated using the
MAXI3 computer program and stored in the data files. A description of the
calculation is included although none of the default human-intrusion sce-
narios defined for onsite disposal consider this pathway.
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C---- -alculate output values -----------------------------°--------------
C

RPF = RPF1
IF (RPF2 GT. 0.) RPF = RPF1 * RPF2

C
IF (INHAL EQ. 0) RINH = 0.0

• IF (INHAL EQ. 2) AGE = -1.0
C
C---- execute command, title, and NAMELIST ----------------------------------
C

WRITE (OUT, 3100) (TITL(I), I=1,20)
3100 FORMAT ('RUN EBIO.NEW7MAXI1'/20A4/' $INPUT NEXT=1,')

C
WRITE (OUT, 3110) IFCD, IARG, IWAT, IEXT, ISUR, 1AIR

3110 FORMAT (' IFOD=1,I1,1, IARG=',I1,', IWAT=',I1,', IEXT=',I1,/
' ISUR=',I1,', IAIR=',I1,',')

p C
IF (IFOD GT. 0) WRITE (OUT, 3120) RIRR, IMO, RF1, RF2

yN 3120 FORMAT (' RIRR=',G10.3,', IMO=',I1,
', RF1=',G10.3,', 4F2=1,G10.3,',1)

(^\} C
WRITE (OUT,3022) RPF1, RPF2

3022 FORMAT (' RPF1= ',G10.3,', RPF2= ',G10.3,',')
C

CD IF (IWAT GT. 0) WRITE (OUT,3130) IDKWAT
3130 FORMAT (' IDKWAT=',I1,',')

n C
IF (IAIR GT. 0) WRITE (OUT,3140) XQSITE, IDKAIR

3140 FORMAT (' XOSITE=',G10.3,', IDKAIR=',I1,',')
C

• N IF (INHAL EQ. 1) WRITE (OUT, 3150) AGE, XDPT
3150 FORMAT (+ AGE=',G10.3,', XDPT=',G10.3,',')C

IF (INHAL EQ. 2) WRITE (OUT, 3160) DEN, XMLF
^ 3160 FORMAT (' AGE-1, DEN=',G10.3,', XMLF=',G10.3,',')

C
^ WRITE (OUT, 3170) RINH, DILF, XF2

3170 FOR14AT (' RINH=',F10.E,', DILF=',G10.3,', Y,F2=',G10.3,',')
C

WRITE (OUT,3180) M3M2, INTRUD, 122
3180 FORMAT (' M3M2=',I2,', INTRUD=1,I1,1, I22='.11.'.')

C
WRITE (OUT,3190) ITI, IT2, NORG, (KORG(I),I=1,NORG)

3190 FORMAT (' IT1=',I4,1, IT2=',I4,', NORG=',I2,
', KORG(1)=1,5(12,',0) ) t

C
E

WRITE (OUT,3192) SRDIL, FRSIZ, AREAIN, AREAEX

y

3192 FORMAT(' SRDIL=',G10.3,', FRSIZ=',G10.3,', AREAIN=',G10.3,','/
' AREAEX= ',G10.3,',')

C

1.3-31
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Concentrations of radionuctides in aquatic foods are directly related to
the concentrations of the radionuclides In water. Equilibrium ratios
between the two concentrations, cal led bioaccumulation factors, are taken
from Soldat, Robinson, and Baker ( 1974). The dose ( R fr) in mrem from
consumption of aquatic food containing radionuclides ?s calculated fran
Equation 2.15.

n

Rafr - Uaf^ CiH exp (-aith) Dir ( Bxi + Byi + BZil (2.15)

i=1 l

1.0
C14

^ 0.6

^ o

(r^ ¢ 0.6
^

^ s
v^s

^eN
0
a 40 .

.^. w

^

^ 0.2

0L
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Frac<ion of 1 ha

Figure 2.1-3. Exposure Rate Ratio Versus Fractional
Hectare of Source Area
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C
SUBROUTINE RITFIL

CQiSE LISTYt,'s - ONSI'6F

C
C This subroutine writes a file with input parameters and
C system comnands for MAXI1. RITFIL is called by the program
C ONSITE.
C
C Module of ONSITE
C Version of 1-MAY-84 RAP
C
C------------------------------------------------------------------------------
C

INCLUDE IONSITE.CMNt
C

200 CONTINUE
C
C---- assign library files to logical unit devices --
C
C IF (IFOD GT. 0) WRITE (OUT, 3010)

Wh:TE (GUT,3010)
3010 FORMAT 0ASSIGN CBIO.NEWJFILE20.DAT FOR020 V

'ASSIGN (BIO.NEW3FILE21.DAT FOR0211)
C
C IF (IARG GT. 0) WRITE (OUT, 3020)

WRITE (CUT,3020)
3020 FORMAT (IASS^GN CBIO.NEWJFILE24.DAT F0R0241)

C
C IF (IWAT GT. 0) WRITE (OUT: 3030)

WRITE (00T,3030)
3030 FORMAT ('ASSIGN CBIO.NEW]FILE25.DAT FOR0251)

C
WRITE (OUT. 3040)

3040 FORMAT 0ASSIGN CBIO.NEW]PLANSOURC.SUR F0R022f)
C

IF (ILOC EQ. 1) WRITE (OUT, 3044)
3044 FORMAT 0ASSIGN CBIO.NEW]VOLSOURC.SUR F0R0271)
C

IF (ILOC EQ. 2) WRITE (OUT, 3041)
3041 FORMAT 0ASSIGN CBIO.NEWJBURIEDHF.DAT F0R0271)

C
IF (ILOC.EQ. 3) WRITE (OUT, 3042)

3042 FORMAT 0ASSIGN [BIO.NEW]BURIEDI.DAT F0R0271)
C

IF (ILOC EQ. 4) WRITE (OUT, 3043)
3043 FORMAT 0ASSIGN CBIO.NEW]ROOM.DAT FOR0271)
C

WRITE (OUT, 3050)
3050 FORMAT 0ASSIGN CBIO.NEW]RMDLIB.DAT FOR0101/

'ASSIGN CBiO.NEW]FILE23.DAT FOR023')

?.B-30
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whore

Uaf annual consumption of contaminated aquatic foods, kg

CiM = the concentration of radionuclide i in the water, pCi/L

• gxi,Byi,Bzt s the bioaccumulatfon factor for radionuclide i, for:

x = fish, y = invertebrates, and z = algae, pCi/kg per

pCi/L

Dir = radiation dose equivalent factor for ingestion, mrem/pCi

ai = radiological decay constant for radionuclide 1, days-1

th = holdup time between harvest and food consumption, days.
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Figure 2.1-4. Area Correction Factors for
External Exoosure
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IF (ITC EQ. 0) GO TO 210
- 00 212 J = 1,5

WRITE (SCRN,2020) ELTI(I)
2020 FORMAT ( ' '.4(/),' to

'Elsnent 1,A2,' Translocation Classificatton:'/)
DO 213 K = 1.2

WRITE (SCRN,2021) K, CL(NS(K,IXS)). IS(K)
213 CONTINUE

2021 FORMAT (SX, I2,' - 1.A.8,' for ',A2,'soluble')
WRITE (SCRN,2022) ELTI(I), AWI(I), CL(NSOLD(J,I)),

ORG(KORG(J))
422 FORMAT (//' The translocation index for ',A2,A6,' is ',

A8,' for '.AS/
f To change enter index.')
CALL CHP14GE ((1), ICFLAG, IX, (1). (3), RX.RL,R°i,RBX)
IF (ICFLAG EQ. I) NSOLD(J.I) = NS(IX,IXS)

^ 212 CONTINUE
210 CONTINUE

C
CALL QUANTI (I)

G0 TO 149
C

_ 148 CONTINUE
FIRTIM = 1

co C
C

to RETURN
C

1^7 C-------- error massages -^_"-----'-°"-^^-^--^'^°`-`--`---`-^--'
C

990 WRITE (SCRN.9000)
9000 FORMAT (' Error opening radionuclide library.')

STOP
C

992 WRITE (SCRr1,9002)
9002 FORMAT (' Prcmature end-of-file discovered In library')

rn C
C

END

^



The following term in Equation 2.15 is located in the MAXI1 computer code:

Ciw
A

Aquatic foodst dose rate factors calculated by the MAXI3 computer code are
included in a data library for access by MAXI1. Included in those factors
are the following terms of Equation 2.15:

Uaf exp (-xith) Dir ( Bxi +
Byi + Bzii

2.2 CQetplLter Im; 1 ement, ,qp

"NT
Estimates of the maximum annual radiation doses resulting from the exposure
scenarios described in Section 2.1.1 can be made using environment-specific

, information and computer codes contained in the ONSITE/MAXI1 software
package.

^ The cka e contains twop'a g primary computer programs, ONSITE and MAXI1, as
_ well as an extens-ive data base. Two additional programs, MAXI2 and MAXI3

are included to allow modification of the data base. Figure.2.2-1 depicts

CD the general process flow of the ONSITE/MAXI1 software.

l,:r^ The data base contains dose conversion factors applicable to the onsite
disposal environment described in Section 2.1.2. This data base is dis-
cussed in detail in Section 23. The following sections contain descrip-
tions of the ONSITE/MAXI). computer programs, an overview of software opera-
tion and a discussion of capabilities, restrictions, and execution perfor-
mance of the software.

2.2.1 Computer Programs Descriptions

O^ The ONSITE/MAXII software package contains four computer codes as shown in
Figure 2.2-1. ONSITE is an interactive user interface that allows the end-
user to simply and efficiently create and use the radiation-exposure
scenarios. MAXI1 is then used with the scenario information to calculate
the maximum annual dose to an exposed individual from selected pathways.
MAXI2 generates intermediate dose conversion factors for food patNays that
are stored in the data files. MAXI3 calculates the data files containing
intermediate dose conversion factors for aquatic pathways. The foilrnwing
sections contain descriptions of each of the computer codes:

2.24
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WRITE (SCRN,2400)
FORMAT ( ' ',10(/),' ',70('#'),///)

C
300 WNTINUE

C
ICFLAG = 1

C
WRT.Tc (SCRN. 1010)

lOlU FORMAT (// ' Enter new 2-character element ',
' (99=finished): ')
READ (KEY,8005) IZ

8005 FORMAT (A2)
IF (IZ EQ. '99') G0 TO 148

C
WRITE (SCRN, 1011)

1011 FORMAT ('OAtcrnic number input can be up to ',
16 characters long.'/

Include metastable (M) and daughter (+D) designation,',
(i.e., TE127M+D)'//
Enter atomic number: ')

READ (KEY,8003) RBX
CM C

DO 140 IX = 1, NUC
"- IF (IZ EQ. E(IX) AND. R8X EQ. A(IX)) GO TO 142

CP
140 CONTINUE

WRITE (SCRN,2401)
2401 FORMAT (///' ???? Radionuclide not found in library, ',

'try again

.IT GOTO 300
C

C19 142 CONTINUE
C

D0 144 IN = 1, NIN
IF (ELTI(IN) .EQ.. IZ AND. AWI(IN) EQ. R8X) THEN
WRITE (SCRN,2402)

2402 FORMAT (///'???? Radionuclide aready included, try ',
Cv. . 'again ???Y'//)

GO TO 300
• ENDIF

144 CONTINUE
C

IXS = IX
NIN = NIN + 1
I = I + 1
ELTI(I)=IZ
AWI(I)=R8X
DO 143 J= 1, 5

NSOLD(J,I) = NS(1,IXS)
IF (KORG(J) EQ. 8) NSOLD(J,I) = NS(2,IXS)

143 CONTINUE

1.B-28
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2.2.1.1 ONSITE Computer Program Description

ONSITE is an interactive computer program that allows the user to access or

create radiation-exposure scenarios us3d to estimate the dose-to-man
resulting from onsite disposal of radioactive w.,stes. The software
solicits scenario information from the user, controls parameter modifica-

tion, selects the appropriate d>ta libraries for running MAXI1, and con-

structs the input file for MAXI1. ONSITE was designed to make the creation

ONSITE

; --^ ,------ ;
MAXI2

=------' '------^ ,

22

(Z23

- - ^ , ;
24

^ MAXI3
------ '--------

('27

MAXI I "report

LEGENO

tu^5

a
file

Figure 2.2-1. ONSITE/MAXII Software Process Flow Chart
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IF (1PJ9AL EQ. 0 ) GO TO 410
WRITE ( SQtN,4101)

4101 F0R!yAT ( ' ',20(/),' '.
.'Do you wish to review and/or change solubility classification'
./' for each organ for each radionuclide. The default assump-'
./' tion is eloments are insoluble 'or lung and soluble for all'
• /' other organs. ( N/Y)')

READ ( KEY,8001) IDU)4
IF (IDUM EQ. 'Y' OR. IDUM EQ. 'y') ITC = I

410 CONTINUE
EUDIF

C
C--- test if this is original or additional inventory and set flags
C

IF (FIRTIM FQ. 0) THEN
NIN = 0
I = 0

EL SE
%0 I NIN

EN0I.'
C

C---- tnitialtze quantity arrays -----------------------»------------
^ C

IF (FIRTIM EQ. 0) TNEN
00 610 IQ = !., 100

Q(IQ) = 0.
QI(I(1) = 0.

Fr) QJ(IQ) = 0.
QK(IQ) = 0.

610 C0ITINUE
ENDIF

C
C-- signal beginning of Inventory input ----------------------,___,
C

?08 CONTINUE

!y WRITE ( SCRN.1100)
1100 FDRMAT ( ' '.20(/).' '.

rn 'The following questions pertain to the radionuclide '/
' inventory. After inputting the inventory, enter'/
'^99^ for element name to signal to the program that '/
' you are ftnished.'///, ' t,70(1;f0)//
' Press <return> when you have finished reading:')
READ ( KEY,8001) IDUM

8001 FORMAT (Al)
C
C
C---- input name and source terms for each radionuclide ----------------
C

149 CONTINUE
C

1.B-27
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and execution of a specific scenarto As easy for the user as possible. If
the default "envtronab.^.LR Is used. OVSITE is the only covvuter program that
the user needs to interact with because this interaction automatically
produces results frna MAX11. The ONSITE program gives the user the option
of changing any paraceters of selected pathways used in the radiation-
exposure scenarios. Each parameter is described in terms that should be
meaningful to the end-user. The dimensional units and the upper and lower
bounds of each parameter are displayed for each paramoter. Each value
entered by the user is tea<_ed against upper and lower '.tmits when appl ica-
ble. If the value is not accepted, the user is asked to ro-ento.' the
value. Default ( or assuned maximum) values and conditions are activated by
a null entry ( e.g., simply pressing the <return> key on the term(nal),

2.2.1.2 MAXI1 Computer Program Description

The computer program MAXI1 is used to calculate the maximu.m annual dose to
on exposed individual from a large nuaber of exposure pathways. This

%0
program uses dose conversion factors from the DACRIN ( Houston. Stronge, and
Watson 1974) computer program for estimating doses rrom tnhalati'n of
airborne radionuclides. The Qese conversion factors from DACRIN are based
on the Internationa' r*n.mission an f.adiological Protection's (ICRo) Task

^ Group Lung Modal (1G114' ( Pcdltb Ehya. 1966). For ingestion pathways, for
,- • either food products or drinking water. dose conversion factors from the

MAX12 and MAXI3 conputer programs are used by MAXI1. Thoso dose converslon
factors al1 rely on the dosimetry model of ICfiP Committee II as reported In
ICRP Publication 2 (1959). For extern9l exposure, dose convursion factors
from the ISOSHLD ( Engel at al. 1966; Stmmnons at al. 1967) are used by

1,{} , MAXII. These factors relato the radionuclide source strength to the dose
rate in tissue 1 m above an infinite plane or slab of contamination.

77 External dose conversion factors are supplied for surface-soil contamina-
ticn, and for slabs of buried contamination at depths of either 0.5 or

(oj 1.0 r External dose conversion factors from an optional room exposure
condition tro also available. lhese factors are intended to model doses to

-, an intruderwho may enter a room (or vault) used for storage of radioactive
wastes. The room model was ortginally developed for a study concerning
decasnissioning of a reference Roiling.Kater Reactor ( BMR) (OaM at al.

61980). A sensitivity analysis for the dose rate response of o co surface
(S%i• contamination in a room of various sizes Indicated a dose rate tncrease of

a factor of two or less from small to large rocros (Oak at al. 19rO.
;). F-26). Thus. dose factors for a room of 100 mj volume are assumad to Co
represented by a plane source that appears to provide a reasonable est:mrta
of the (lose resulting In most aizes of rooms that may be encountered.

Exposure pathways that can be m,odelod inciude 1) direct external exposure
to contaminated soil or building surfaces. 2) inhalation of resuspended
material, and 3) ingestion of contaminated foods and aquatic products. The
time of the maximum dose rate to individual organs of reference Is calcu-
lated and thv, annurl dose for that organ is reported.
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C
SUBROUTINE RADIN

C
C This subroutine controls input of the radionuclide master library

C and user radiological Inventory Input
C
C Module of ONSITE
C Version of 24-APR-84
C
C- ------------..---------------------------------------------^-----
C

INCLUDE 'ONSITE.CMN'
C

REAL*8 R8X, ORG(23). CL(3)
DIMENSION E(300), A(300), NS(2,300), IS( 2), IDORG( 5)
REAL°8 A
INTEGER E

C
i,l? DATA ORG /'tot body','hedy M20','kitlneys ','liver ','sploen ',

'bono ','fat '.'lungs ','adrena ls`,'testes ',

-+- . 'ovaries ','sktn ','brain ','muscle ','prostrat',

. 'thyroid ','pancreas','heart ','GI ','stanach ',

'sm. int.','ULI ','LLi '/
C

DATA IDORG / 1,6.8,16.23/
DATA NTN, 1 /0,0/

ti^? DATA IS / ' ','in'/
DATA Cl /'Class 0','Class W ','Class Y '/

^. DATA FIRTIM /0/
C
C--- read in radionuclide library -•----------_-___

C
CM IF (FIRTIM EQ. 0) THEN

C
NUC = 1
READ(10,8003) IDUM

C14, 8003 FORMAT (A8)
C

100 CONTINUE
READ(10,1001,END=992) E(NUC), A(NUC), IM. (NS(J, NUC),J=1,2)

1001 FORMAT(A2,A8,8X,I2,41X,2I1)
IF (IM tQ. 0) 60 TO 200
NUC = NUC + 1

GO TO 100
C

200 CONTINUE
ENDIF

C
C---- set flag if translocation review/check desired ----------------------

IF (FIRTIM EQ. 0) T.iEN
ITC = 0

1.8-26
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2.2.1.3 bAXI2 Computer Prograa Datcription

The onsite disposal "environrent" (Section 2.1.2) Is applicable to all the

scenarios presented In Section 2.1.3. MAXI2 i'eed be, used only when a

different "anvironrent" is defined. MAkI2 grmorates dose conversion

factors to account for deposition on farm or garden soil and crops. Leaf

mechanis;a dcse rate factors are written to a computer file assigned to

logical unit 20. The computer file assigned to logical unit 21. called

FILEZI, contains dose conversion factors to account for deposition onto

soil in which food crops are grown. MAY12 also generates external dose

rato factors for exposure to soil surface contaceination. These factors are

written to the computer file assigned to logical unit 22, called FII.E22.

The computer code ISOSHLD (Engol at al. 1966; Simmons at al. 1967) is used

to calculate surface external dose rate factors. A listing of the MAXI2

code is found in Appendix 2.E7. The input files to MPXI2 that gor.erated the

dose conversion factors for the onsite disposal "environment" are included

in Appandix 2.8 as an example of code usage. MAXI2 is a specialized

version of the FOOD (Napier, at al. 1400) computer program. The user is

referred to that oocument for theoretical and operational information.

Differences between thc. MAXI2 and FoOD computer codes are discussed In

Section 3.1.2.

2.2.1.4 MAXI3 Computer Program Description

MAXI3 was used to dofine drinking-water and aquatic food-pathway factors

for the onsit® disposal "environment" described in Section 2.1.2. This

"environmsnt" is npplicable to all the scenarios presented in Section

2.1.3. MAXI3 need be executed only when a different "environment" is

considered. MPYI3 generates dose conversion factors for contaminated

drinking water and aquatic food harvested from contaminated water.

Drinking-water dose conversion factors are written to a computor file

assigned to logical unit 24, called FILE24. The computer file assigned to

logical unit 25, called FILE25, contains dose conversion factors to account

for ingestion of comtaminated aquatic food products. A listing of the

MAXI3 code Is found In Appendix 2.C. The input files to MAX13 that gen-

erated the dose conversion factors for the or.site disposal ^environmont"

are shown in Appendix 2.C as an example of code usage. MAXI3 is a spe-

cialized version of the AFRRG (Napier, at al. 1980) ccenr.uter program. The

user may reference that document for theoretical and operational infor-

mation on MAXI3. Differences betveen the MAXI3 and P3tRRC'a ccrputer programs

are discussed in Section 3.1.2.

2.2.2 Operation of the ONSITE/MAXI1 Software Fackago

!^. Section 3 contains a detailed discussion of the operation of the ONSITE/

MAXI1 software package. A theoretical overview of sofivare operation is

presented here. Three levels of operation will be defined and the software

process flow will be presented.

2.27
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304 CONTINUE
C

WRITE (SCRN,1060) ELTI(I). AWI(I)
1060 FGP,MAT (//' ',

'Enter the concentration of 1,A2,A6,' in the irrigation '.
'water at start of'/' calculation (units: pCi/liter):')
READ (KEY,#) RX

C
IF (RX LT. 0.) GO TO 304

C
QI(I) = RX
IF (QI(I) GT. 0.) IWRL=1

C
302 CONTINUE

C
WRITE (S:.RN,107,0) ELTI(1), AWI(I)

1070 FORMAT (//' ',
'Enter the concentration of 1,A2,A6,' in the drinking water',
' at start of4/' calculation (units: pCi/liter):')
READ (KEY,*) RX

IF !RX LT. 0.) GO TO 302
QJ(I) = RX
IF (0J(I) GT. 0.) IWRL=1

C
C

301 CONTINUE
C
C

RETURN
C

END

1.D-25
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I.
2.2.2.1 Levels of Oparation

This software package irapie.:rants the scenarios discussed in Section 2.1.3.
The user is asked to supply information specific to the selected scenario
and system information as defined in SRction 3.1. No further interaction
between the user and the software Is necessary. The scenario will be
executed and a report prepared automatically. This is the principal
intended scope of the OMSITE/MAy.I1 software package. However, the user is
allowed to use the software for a wider range of applications. Three levels
of operation have been defined to clarify this extended use of the
software.

LgvQl.j. The ONSITEMAXI1 software package is designed to be used for
assessing impacts from the onsite disposal of low-level wastes. This is
the intended principal use of the software package. The data base contains
information on the "environment" described in Section 2.1.2. Five sce-
narios have been defined that may be executed within the context of that
"envirorment." The ONSITE program is used to select and establish param-
eters for a scenario. The user is assiszed during scenario creation by a
restricted set of parameters and restricted ranges of values for each

.... ^ parameter.

iz:vel . The user may define a different "environment" by asir,g the MAXI2^
and MAXI3 computer codes. The ONSITE program can then be used to evaluate
the five defined scenarios within the context of the newly created "envi-
r•onment." It is the userrs responsibility to detarmine the validity of the
"environment" and the appropriateness of the defined scenarios to this new
"envtronment."

f.tT

CQ

Q,
• ^.

---.:.^....^

Level 3. The user creates a new "environment" with the tdAXI2 and MAXI3

computer codes and establishes scenarios by manipulating MAXI1 input
parameters directly. This level of operation should not be attempted

without a thorough understanding of MAXI1 theory and operation because the

fnterrelationships between MAXI1 tnput parameters are complex. The user

n•ust determine the validity of the "environment" and the scenarios, and the
appropriateness of scenario application to the "environmant."

2.2.2.2 Software Process Flow

Figure 2.2-1 depicts the general process flow of the ONSITE/MAXI1 software.
Tne prc•cess flow details for each of the three levels of operation are
discussed blow.

leysl1. The user executes the ONSITE program, inputting scenario selec-
tion and inventory. ONSITE allows parameter modification for selected
pathways. A computer file that parameterizes the scenario is created by
ONSITE. That file, ::re master radionuclide library, and the files that
define the onsite disposal "environment" will be accessed by MAXI1. MAXIL
produces a printed report of dose estimates.

2.28
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C

StBROUTINE QUANTI (I)
C
C This subroutine ra4uests the quantity of the current radionuclide
C for each of the selected pathways.
C
C Module of ONSITE
C Version of I-4sAY-84 RAP
C
C-...---w---.._--..-------°------_-__^--- --- --..----------------
C

INCLUOE 'ONSITE.CNN'
C

REAL •8 R8X
DIMENSION KHERE(3.21

C
DATA M!'ER.E /'depo','site','d on',

+bur(','ed a'.'t '/
C
C

202 CONTINUE
C

IF (IRS EQ. 4) GO TO 206
C

IF (M3MZ LT. 0.OR. FL3N2 GT. 2) 93M2 = 0
C

IF (ISUR EQ. 1.OR. ILOC EO. 4) THEN
IA = 1

ELSE
IA• 2

ENDIF
C

WRITE (SCRN,1050) ELTI(I), P1tI(I), (tfl4ERE(J,IA),J=1,3)•
NYU(INUT),(UNITS(J,N3N.2+1). J=1,2)

1050 FORMAT (//' ',
. 'Enter the quantity of '.AZ,A6,3A4,' the site at',

° start cf V' calculation (un(ts: '. A4, 2A8,') :1)
READ (KEY,e) RX
IF (RX LT. 0.) GO TO 202
Q(:'. = RX

206 CO"ITINUE
C

IF (IRS LT. 4) GO TO 301
C

WRITE (SCRN,1052)
1052 FORF(AT (' ',14(/),' ',

' To consider only frrlg.;tfon or only drinking water
'contmnlnatlon,'/

' enter zero quantity for the other pathway.')

1.6-24
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i Lstysl2. The user first defines an "environaont" by executing MAXI2 and
MAXI3. The computer data files describe the newly created environment.
The ONSITE code is then executed as in Level 1.

1.s_1CQL3: The user defines an "environment" as in Level 2. The user by-
passes the ONSITE program and creates the input stream for MAXI1 using a
system editor.

2.2.3 Capabiliti,es, Restrictions and Performance

The capabilities and inherent restrictions of the ONSITE/MAXI computer
implementat'ion are discussed. for the following areas: "environment"/scenario
definition, pathway selection/parameter modification, inventory selection,
and organ selection. Capabilities and restrictions vary depending on the
level of operation. Operation level are noted with each comment below.

2.2.3.1 'Environment"/Scenario Definition.
0%

Levels 1-3 . Section 2.2.2.1 defines three levels of ONSITE/MAXI1 software
^ usage. User responsibilities concerning definition of the "environment,"

the scenarios, and their interrelationships are noted at each of the levels.
C3

- 2.2.3.2 Exposure Pathway Selection/Parameter Modif(cation

cr) Levels 1-Z. Five default scenarios have been implemented In this applica-
tion.tion. The user is allowed to change parameter values for each exposure
pathway considered. Default pathways have been established for Scenarios
1-4. Scenario 5 allows the user to select any combination of exposure
pathways and exposure conditions.

( v . Any of the defined exposure pathways may be selected. Allowable
pathways are external exposure from surface and/or buried rastes, ingestion
of farm products grown on contaminated soil, ingestion of drinking water
fromfrom a contaminated source, and ingestion of contaminated aquatic food pro-
ducts. Any associated parameter values may be modified.

as

2.2.3.3 Inventory Selection

Leve1s 1-3. No default inventory has been established. Up to a total of
50 radionuclides may be considered. The default libraries for use in Level I
contain information on 100 radionuclides. Several of these radionuclides
(shown in Table 2.1-3) are listed with a+D (plus daughters) designation.
For these radionuclides, the energies of the short-lived daughters in
equilibrium with the parent radionuclides are included in the organ dose

2.29
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7 IA= 1
IF (IMAT EQ. Pti IA®2
WRITE (SC.' e,2006) PNS(IA)

2G05 FG4',VAT (' ', 24(!). 13X.
• . 'Do yoe aisn to consiCer drtnktng ratar ingastion 'f

. 10,'frac , contaminated well? ', R8)
READ (KEY,8004) IDUM

C
IF (IA EQ. 1 AND. (ID7fM .€Q. 'Y' OR. ID'Jw EQ. 'y')) I1tATa1
IF (IA EQ. 2 AND. (IDU(4 EQ. 'N' OR. IDUM EQ. 'n')) IWAT-0

C
IA
IF (IARG EQ. 1) IA-2
WRITE (SCRN,2007) F}4S(IA)

2007 FOR)aAT (' ', 24(0). 13X.
'Do you wish to con5((er COnsUfH(ltion of aquatic'/

CIV . 14X.'food from a contaminated river? '. A8)
READ (KEY,8004) IDUH

.. C
IF (IA EQ. 1 AND. (IDUM EQ. 'Y' OR. IDU4 EQ. 'y')) IM',,al
IF (PA EQ. 2 .ts4D. (IDU4 M. 'N' OR. IDU)T EQ. 'n')) IARW

C
2000 CONTINUE

C
RETURN

C
)!f C- -------'--»----_..---------------- '--------------^--- --------

END
^

C4

t^s

fA
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and external dose calculations. For other radionuclides, chain decay
calculations are perforr:ed and daughters are permitted to reach their
equilibrium values.

l.e_ys.y_l. The - hventory is restricted to radionuclides appearing In
Table 2.1-3.

ierels 2-3 . D:,ae conversion factors are created for up to 100 radio-
nuclides defined in the "environmwnt." Different radionuclides than those
included in the reference "enviroresent" may be included at this level of
operation. Subsequent scenarios are restricted to this set of radionu-
clides.

2.2.3.4 Organ Selection

J.pyg]_1. Doses to the following organs may be considered: total body,
bone, lung. thyroid, and the lower large intestine (LLI) of the GI tract.

Levels 2-a . Dose conversion factors are generated for up to five organs
defined in the "environment". These organs can be selected from the allow-
able organs discussed in Section 4.5. Dose conversion factors are based on
data tor each radionuclide in the radionuclide master library (RFSOLIB), the
organ data library (ORGLIB) and transfer factor libraries (FTRANSLIB,
CRDFLIB. BIOAC). The user must determine if CF1uLIB has sufficient data for
each selected organ.

In 2.3 Data Base

{4+^ The user is assisted in the appropriate use of the data base by the com-
puter program ONSITE. ONSITE asks the user questions that are applicable
to the scenario under construction. From the responses to those questions,
aNSITE selects the appropriate files from the data base. An understanding
of the detailed information which follows is not necessary for the suc-
cessful execution of ONSITElMAXI1. The intended audience Is those inter-
ested in the organization and content of the data base and Level 2 and
Level 3 users (defined in Section 2.2.2.1) who are ?efining a different

0% "environment."

The ONSITL/MAXI1 data base is composed of etuven data files. The relation-
" ship of the data base to the computer codes is depicted in Figure 2.2-1.

RtdDLIB is the master radionuclide library containing chain decay and
translocation class information. The balance of the files contain dose
conversinn factors for various pathways.

,

r
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C
SU8Rt4ITINE OPTION

C
C This subroutine allors the user to select various exposure
C p^ttnays for the construction ot a scenario.
C

Module of 04SITE
C Yoraion of 17-APR-84 RAP
C
C-_---_'_"-------------°_---°--_--a^...^^_^'-°___..-^---_-'.------ --'_-'°'-
C

INCi.WE 'ONSITE.0#:'
C

REFL48 kiS( 2)
DATA PVS !'(N/Y) ','(Y/'J '/

C
-- IA= 1

IF (!SUR EQ. 1) IA = 2
--- WRITE (SCRN,2002) ANS(IA)

2002 FORMAT (' '.24(!), 14X,
a^I °Do you wish to consider external exposure to surface'/

. 14X.'aontmsination? ',AB)
'-" REF1) (KEY,8004) iC(.kR!

C
On IF (IA EQ. 1 .fJ=D. (ID(X4 EQ. 'Y' OR. IDUM EQ. 'y')) ISUR=1

IF CIA EQ. 2 .lt1D. (ICUA? EQ. 'N' OR. IDUA( EQ. 'n')) ISUR=0
IT C

IA=I
IF (IEXT EQ. 11 IA-2
WRITE (SCRN,7004) ANS(IA)

2004 FOWAT (' ', 24(/), 14X,
^ 'Do you wish to consider external exposure and crop '/

. 14X.'penetration to deeply buried waste? '.A8)
READ (KEY,8004) IDUM

8DA4 FQRFdAT (Al)

T C
IF (IA EQ. I .f::D. CIDUM EQ. 'Y' OR, IDU!4 EQ. 'y')) IEXT=I
IF (IA EQ. 2 .+ViD. (ICGn( EQ. 'N' OR. IDU!4 EQ. 'n')) IEXT=0

C
IA a 1
IF (IF00 EQ. 1) IA=2
WRITE (SCRN,2005) AvS(IA)

2005 FOF.MAT (' '. 24(/), 14X,
'Do you wish to consider farm product ingestion 2'/

14X. A8)
READ (KEY,8004) IDU34

C
IF (IA EQ. I PND. (IDUFS EQ. 'Y' OR. IDUM EQ. 'y')) IFOD-I
IF (IA EQ. 2 AkD. (IDUM EQ. 'N' OR. IDUM EQ. 'n')) IFLO=0

1. [t-22
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2.3.1 Radionuclide Master Library for MAXI1 - RMDLIB
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The radionuclide master data library (RB(DLIB) contains all radiological
decay data used by MAXI. The library is organized into two sections. The
first section contains radionuclides that are not members of decay chains,
and also radionuclides singled out from chains with the "+D^ (plus
daughters) designation. Radionuclides in the first section are arranged by
increasing atomic number. The second section of the library contains
radionuclides organized into decay chains ordered under the radionuclides
hibhest in the chain. RMDLIB contains about 280 entries.

The first record of the library contains 80 characters of descriptive
information used as identification in the input data report printed by
MAXI1. The balance of the data records have the following information:

Column 1- Alphabetic element symbol
Column 2 - Atomic weight, also motast::.le (m) and/or plus daughters

(+D) designation
Column 3 - Radiological half-life, days
Column 4 - Index of relative position in decay chain

(0 is highest position)
Column 5 - Index of precursor in decay chain (as identified in column

4 of the precursor)
Column 6 - Branching ratio for primary precursor
Column 7- Index of alternate precursor in decay chain
Column 8 - Branching ratio for alternate precursor
Column 9 - Transiocation class assignment for soluble state of

element
Column 10 - Translocation class assignment for insoluble state of

element

Translocation refers to the rate at which radionuclides are transported by
body fluids from the lungs to the blood and GI tract after inhalation. For
inhalation calculations, translocation classifications are made for each
organ based on the usage of the Task Group Lung Model (ICRP 1966). The
translocation indices used in RMDLIB refer to the following classes as
defined In ICRP (1966):

Index 1• Class D Materials . A maximum clearance half-time of less
than a day.

Index 2• Class W Materials . A maximum clearance half-time ranging
from a few days to a few months.

Index 3 ,̂1ass Y M1i^i_3L4. A maximum clearance half-time of from
six months to a few years.

ONSITE/MAXI1 assumes that for inhalation all elements are insoluble for the
]ungs and soluble for the other organs. This assumption tends to maximize
the organ dose. The translocation classification for soluble and insoluble

0
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KRITE ( SC(N,1800) t14RG3
1800 FO.T'tiAT ( + +.20(/)s+ r,

'The numbor of organs considorad 4s +,22.' ( rang® - 1 to 5)+/
P Total bady must always be one of the selected organs.+)
CALL CHhNGE ((1), ICfLetG, IX, (1) . ( 5), RX, ( t.. Rt(, R$X)
IF (ICFLAG.EQ.1) kflR:i s IX

C
' C

DO 810 1 a 1. NCQG
WRITE ( SCTFN,1810)
WRITE ( SCRN.1812)
WRITE ( SCRN,1811) I. KORG(I)

1810 FOR'^+.AT (+ e.
+ihe ava(labl® organs are:+//
' 1-Total body 9-Adronals 17-Pancreast/

2-Body water 10-Tostes 18-Heart'/
+ 3-(((dnQys 11-0varies 19-G1+/
+ 4-Lfver 12-Skin 20-Stcmach+/

5-Spleen 13-Brain 21-Small intestfno+)
1812 FORMAT (+ +,

- + 6-Bone 14-Muscle 22-Upper large intestine+/
e 7-Fat 15-Prostrate 23-Lavar large intestine+!

^I ' 8-Lungs 16-Thyroid'//
' The ONSITE dose rate factor fil es have data on total body+/

bone, lungs, thyroid. and LLI. If you wish to use other')
1811 FORMAT (+ +,

+organs, a new onviror..,ent must be created. See Section 2.21!
. ' of the Users Manual.'//(^

+ The current selection for organ +.I20 is +,I2)

-
CALL CHAtY'uE (( 1). ICFLAG, IX. (1) . ( 23). RX, RL. RH, R8X)

- y IF (ICFLAG.E(1.1) KORG(I) = IX
810 CONTINUE

C
800 CONTINUE

RETURN
C
C-----------

END

l.B-21
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will be read by the ONSITE computer code and applied to each organ
according to the above assumption. The default translocation assignments
may be modified by the user during scenario creation.

The RMDLIB FORTRAN format is (A2, A6, E10.2, 212, F7.4, 12, F7.4, 22X,2I1).
The parameter in column four is used to signal the end of the data library
(K=0). A listing of the library is located in Appendix 1.C. ONSITE
reads a shortened version of RMDLIB containing only those radionuclides
defined for the onsite disposal environment entitled RMDONS (listed in
Appendices 1.C and 2.A).

2.3.2 Leaf Mechanism Dose Rate Factors - FILE20

N

g°V

0
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d.r')
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The file assigned to logical unit 20, called FILE20, contains "environment"-
specific leaf-mechanism dose rate factors for 1 pCi per cubic meter in
air. Each record of the file contains dose rate factors of one radionu-
clide for selected organs. The file is arranged into sets of records for
each year. The sets are delimited by a blank record. The file organiza-
tion, corresponding MAXI1 variable names, and FORTRAN formats of FILE20, are
as follows;

Line 1 • Descriptive title, TIT20; (20A4).

Line 2 • Type descriptor, ID;
number of years of data, NYRL;
number of isotopes, NISOL;
number of organs, NORGL; (SX, A4, 3I5).

Line 3 • Index of organs, KORGLS(i),
for I ranging from one to NORGL; (5I5).

The following set of records follows for each year of data (k); a total of
NYRL sets:

Line A • Blank line

Next NISOL lines • One line for each isotope (i) containing:
element symbol as In the master radio-
nuclide library, L:LT:.S(i);
atomic number as in the master radio-
nucliie library, A&LS(i);
dose rate factor for KORGLS(J) where
j ranges from one to NORGL,
DINCL(k,i,,j);
(A2, A6, 5E12.2).

FILE20 contains dose rate factors fur five organs for 100 radionuclides for
fifty years. The organs are total body, bone, lungs, thyroid, and the
lower large intestine of the GI tract. Consumption parameters incluaed in

2.32
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IF (IM&[. .EQ. 2) GO TO 310
C

WRITE (SCRN,1310) AGE
1310 FOR9fAT (' to

. 'The nuotesr of years that contamination oxtstod'/

en the surface at the start of the scttnarto ',

Is ',1PG10.3•' years. (range = 0.0 to 25.0)')

CALL CNArdSE ((2), ICFLAG, IX, IL. IF(, RX, (0.0).(25.0). R8X)
IF (ICfLAZ.EQ.t) AGE • P.X

C
AYC9d - XCPT a 15.0

C
WRITE (SQ2N,1320) AYCN

1320 FORNAT (' to
'The top ',F4.1.' cm. of the contaminated surface soil'/

)ayer is available for resuspension (range = 0.0 to 15.0)')
CALL (}1ANh^,E ((2), ICFLA.3, IX, IL, IN, RX, (0.0),(15.0), RBX)
IF (ICFLAG.EQ.1) XDPT - RX/li.

C
. 310 CONTINUE

C

IF (INRAL EQ. 1) GO TG 320C

WRITE (SCRN,1330) DEN
1330 FORMAT (' to

'The donsity of the soil is '.1PG10.1,' grams per cubic
'metern'/' (range - 1.E5 to 5.0E7)')
CALL CHA"tGE ((2), ICFLAG, IX, IL, IH. RX, i1.E5),(S.E7), RBX)
IF (ICFLAC.EQ.1) DEN = RX

-r - C
WRITE (SCe:!!.1340) XMLF

(14 1340 FORN.AT it to
'The Mass Loading Factor is ',1PG10.1,' grams per cubic '
'meter.'/' (range ffi i.t--7 to 0.1')
CALL CHANGE ((2), ICFLAG, IX,Ii.,Ia, RX, (1.E-7),(0.1), RSX)

ty IF (ICFLAG.EQ.1) XA0.F - RX
C

rs.' 320 CONTINUE
300 CONTINUE

C
C
C---- revtew/query/modify organ parameters --------------------------•
C

-• C
GNAME(1) - 'organ
GNAN,E ( 2) = '
CALL GROUP (IGFLAG, GNAh(E)
IF (IGFLAG EQ. 0) GO TO 800

C



the dose conversion factors are listed In Table 2.1-1. The radionuclides
considered are listed In Table 2.1-3. The first page of this default file
is printed in Appendix 1.C. A complete listing of the default file is
given in Appendix 2.A,

When creating a new ^envirorcnent," the computer code MAXI2 is used to
.^_ generate this file. MAXI2 is a special version of the FOOD computer code

(Napier ot al. 1980). The user is referred to that document for detailed
information. Instructions for executing MAXI2 are given in Section 3.1.2.
MAXI2 outputs leaf-mechanism dose rate factors to the file assigned to
logical unit 20. The MAXI2 input file that generated FILE20 for the one,ite
disposal "environment" is listed in Appendix 2.6.

2.3.3 Soil Mechanism Dose Rate Factors - FILE21

The file assigned to logical unit 21, called FILE21, ccntains "envirorxnent"
-specific soil-mechanism dose rate factors for 1 pCi per square meter in
soil. Each record of the file contains dose rate factors of one radionu-
clide for selected organs. The file is arranged into sets of records for
each year.

01!

The sats are delimited by a blank record. The file organizatlon, corre-
Q sponding MAXI1 variable names, and FORTRAN formats of FILE21 is an follows:

° Line 1 • Descriptive title, TIT21; (20A4).

CD Line 2 • Type descriptor. ID;
number of years of data, NYRS;^
number of isotopes. NISOS;

. number of organs. NORGS; (SX, A4. 315).;!I

(N
Line 3 • Index of organs, KORGLS(i),

for I ranging from one to NORGS; (5I5).

The following set of records follows for each year of data (k); a total of

C%1
NYRS sets;

^
Line A • Blank line

^...
Next NISOS lines • One line for each isotope (i) containing:

elernent symbol as in the master radio-
nuclide library, ELTLS(i);
atomic numbtrr as in the master radio-
nuclide library, AWLS(i);
dose rate factor for KORGLS(,j) where
J ranges from one to NORGS,
DINCS(k,i,j);
(A2, A6, 5E12.2).
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(^(I) • °^,^t. ^x^,
(^•:k^(2} *^ aosure °
CALL GR:ttP ( IC3LA.rs. CXAW)
IF (iaFLfe3 .£Q. 0) CO TO 200

C
IF (ISUR .€Q. 0) l3Q TQ 210

14n"ITg, ( Sf^'+`.1.1210) 122
1210 FCftN.Ri ( F °.20(/).' °.

*Q40 you u%s W.AAI2 to ,eanarrto a sRecia7 nxternaY e+Eposurs°/
'd,>e r,te ftctor f(le for ticti ,c®nsrio; ( aofault-'.

15X,00 - r.w!ISX.*1 - yoz*P
RX.(^.(bt.R9XPCA±,(, Ckt0.'4E C(1I. ICFLtu. IX, (0). (1),

IF (:l7+lAi,EQ.1) .'22 a IX
210 C(bNTIhUE

C
taRITE ( SCRk.1200) XF2

1200 FO-WAi is °.20i/).° *.
iD 'Tnc n(iatc:r of ncurs of e:+posure to eacternat conta>"tnotfon It

It per year i s *.ifGIQ.3e* ( ranc,a a 0.0 to ('765.)*)
CALL Qt+JC:E (( 2), ICFLAG, IX. ILr 1N. RX• R$X)
IF (ICFLAG.EQ.1.) XF2 w RX

^9 C
200 CCt(TI6sUf

C----- rortcw/ouary/madtfy tnhalatton or.gosure pararaturr: -------------------
6^ C
- ^- IF (It:tiFL EQ. 0) GQ TO 300
1-^ (i6?'f(0 - *tnhalat(°

C.tJ«K(2) > 'on
"- CALL GRCXJP (IGFLl4:. GNAW)

IF CIGFLf.,, .EO. 0) Cw7 T0 300
C

RIt® - Rdhtd • 8765.
Af3ITE (SCRH.1302) RIN

1301 FQfMT ( * 9.20(/).* *.
.'T1ce ncmb¢r of hours of tnhalatfzn of contawtnatton *.
•/' p•sr year Is (range = 0.0 to 0:66.)*)

Ch'.L C4F8+"E (( 2).ICFLA^a.IX.IL.IH<RX.(0.0).(9755.).R$X.)
IF (ICFLAG .EQ.1) RIN - Rx
RIt()i - RItt / 8766.

C
WRITE ( SQ;t:.131/0) Ir.H.i(.

1300 FoRMAT l* *.20(i).* *.
*Tao resuspension mvCels are available: '/

I - hnspaughF/
° 2 - Nass Loadtng°/
L* The selected °sad®1 is '.I1)
CALL Ce!F•`aiE (( 1). ICFlt+('i. IX. (1). C2P. RX. It, t3(. RSX)
IF (ICFLkG.FQ.8) Ih1iAL • IX

1.8-i9
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FILE21 contains dose rate factors for five organs for 100 radionuclides for

fifty years. The organs are total body, bone> lungs, thyroid, and the
lower large intestine of the G1 tract. Consump*_ton parameters included in

the dose conversion factors are listod in Table 2.1-1. The radionuclides
considered are listed in Tabie 2.1-3. The first page of this file is
printed in Appendix I.C. A complete listing of the file is in Appendix 2.A.

MAXI2, a special version of the FOOD computer (Napier at al. 1980), gen-
erates this file. The user is referred to the FOOD program documentation
for detailed information. Instructions for executing MAXI2 are located in
Section 3.1.2. The input submitted to MAXI2 to generate the FILE21 is
given in Appendix 2.B. MAXI2 prints a report of input parameters and
outputs soil-mechanism dose rate factors to the filc assigned to logical
unit 21 in the format described above.

2.3.4 Surface External Exposure Mochanism Dose Rate Factors

O

^

L^7

"^.

£'^(

O^

The file assigned to logical unit 22 contains external dose rate
factors. Two files are available for considering surface contamination in
the onsite disposal "environment." These files are based on the location
of the waste. The files are:

"PLANSIX)RC" - An infinite plane of soil contamination,

"ROOM" - surface contamination on the walk, floor, and ceiling
of a room.

The organization, corresponding MAXI1 variable names, and FORTRAN formats
of these files are as follows:

Line 1 • Descriptive title, TIT22; (20A4).

Line 2 • Type descriptor, ID;
number of isotopes, NISOX; (5X, A4, I5).

Next NISOX lines • For each isotope (i):
element symbol as in master radionuclide
library, ELP((i);
atomic number as is master radionuclide
library, AWX(i);
external exposure dose rate factor, DFXT(i);
CA2, AS, E7.1).

The data files "PLANSOURC" and "ROOM" are printed in Appendices 1.C and
2.A. When establishing a new "environmont," the user may use the ISOSHLD
(Engel at al. 1966; Simmons at al. 1967), MAXI2, or other compatible com-
puter programs to generate external dose rate factors. A file in the above
format wi;l probably have to be hand-generated from the results of the
shieldirg calculations. MAXI1 anticipates external dose rate factors in

, 2.34
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NDIX 1.B CMVFER CODE LISTIP(G - (lNSI'EE

RF = RF1 + RF2
IF (RF GT. 1.0) WRITE (SCRN,1140)

1140 FORMAT (///' III The prev'.ous two fraction cannot be greater
'than 1.0: REENTER ttl')
IF (RF GT. 1.0) G0 TO 120
ENDIF

122 CONTINUE
C
C

WRITE (SCRN,1160) RPF2
1160 FORMAT ( ' ',20(/),' ',

'The fraction of the total diet grown on the site ',
is ', 1PG10.3,/' (range = 0.0 to 1.0)')

CALL CHANGE ((2), ICFLAG, IX, IL, IH, RX, (0.0), (1.0), R8X)

IF (ICFLAG.EQ.1) RPF2 = RX
C

IF (IWAT EQ. 0) GOTO 100
P`. WRITE (SCRN,1100) RIRR

1100 FORMAT (' ',
s7 . 'The irrigation rate in liters per square meter per month is ',

. 1PG10.3,/
Cq . (range = 0.0 to 1000.)')

CALL CHANGE((2),ICFLAG,IX,IL,IH,RX,(0.0),(1000.0),R8X)
" IF (ICFLAG.EQ.1) RIRR = RX

C
IF (RIRR EQ. 0.0) GO TO 110
WRITE (SCRN,1110) IM0

t^ 11.1) FORMAT (' ',
,. . 'The number of months per year that crops are irrigated is^

I2,/
' (range = 0 to 12)')
CALL CHANGE ((1), ICFLAG, IX, (0), (12), RX, RL, RH, R8X)

_ IF (ICFLAG.EQ.1) IMO=IX
110 CONTINUE

01
C

WRITE (SCRN,1111) IRR
1111 FORMAT (' ',

'The number of years prior to the beginning of dose '/
. ' calculations that irrigation accumulates radionuclides'/

is ',I4,' (range = 0 to 1000)')
CALL CHANGE ((1), ICFLAG, IX, (0), (1000), RX,RL,RH,RBX)
IF (ICFLAG.EQ.1) IRR=IX

C
100 CON"iINUE

C
C
C------ review/query/modify external exposure parameters -------------
C

• IF (IEXT EQ. 0.AND. ISUR EQ. 0) GO TO 200
C

*,
1.8-18
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units of mremtyr per pCi1m2. Bath "PLANS01JRCt4 and "ROOAi" were generated
using the ISOSHLD computer program.

2.3.5 . Inhalation Dose Rate Factors - FILE23

+ The file assigned to logical unit 23 called FILE23, contains inhalation

dose rate factors for 1 pCi per cubic meter of air. The file is arranged

into sets of records for each isotope. Each isotope set contains three
solubility class subsets. Each solubility class subset is comprised of a
variable number of records. one record per year. Each record contains data

on up to five organs. The file organization, corresponding MAXI1 variable

names, and FORTRAN formats of FILE23 are as follows:

Line 1 • Number of radionuclides in library, NDI;
descriptive title, TIT23; ( I5. 15X,15A4).

Line 2 • Index of organs, IDORG(i),

M for I ranging from 1 to 5, i=0 indicates data
for less than five organs; (SI5).

011
This set of records follows for each radionuclide(k); a total of NDI sets:

G?
Line A • Element symbol as in the mister radio-

_ nuclide library, ELTD;
atomic number as in the master radionuclide

qn library, ALlD;
number of years of data solubility

x^ class 1, N1;
number of years of data solubility
class 2, N2;
number of years of data solubility

N class 3. N3;
( A2, A6, 2X, 3I5).

Next N1 lines • For translocation class 1, one record con-
C1l tains inhalation dose rate factors for five

cy^
organs (f). DIN(1,i,J); ( lOx, 5E10.2).

Next N2 lines • For translocation class 2, one record con-
tains inhalation dose rate factors for five
organs ( f). DIN(2.i,,j); ( 10x, SE10.2).

Next N3 lines • For translocation class 3, one record con-
tains inhalation dose rate factors for five
organs ( J). DIN(3,i,J); ( lOx, 5E10.2).

The file contains dose rate factors of 130 radionuclides for five organs

for a varying number of translocation classes and a varying number of
years. The organs are total body, bone, lungs, thyroid, and the lower

r
2.35
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APPENDIX I.B 0O;'ifiER CODE LISTING - 04BITE

C
SUBROUTINE MODIF

C
C This subroutine allows the user to change selected parameters of
C Scenarios 1 through 4 or to create a scenario ( Scenario 5).
C
C Module of ONSITE
C Version of 24-APR-84 RAp
C
C------------------------------------------------------------ ---------
C

%0

^

^

9^*

4P1

CR'

£14

^

.

INCLUDE IONSITE.0411
REAL*8 R8X, GNAME(2)

C
C------ review/query/modify agricultural parameters ---------------------

C
IF (IFOD EQ. 0) GO TO 100

1000 CONTINUE
C

GNAME(1) = tagricult?
GNAME(2) = ti.ral I

CALL GROUP (LGFLAG, GNAME)
IF (IGFLAG EQ. 0) GO TO 100

C
C ---- skip roots is Scenario 3, assumes surface contamination ----

IF (IRS EQ. 3) GO TO 122
C

IF (IRS EC. 1.AND. ILOC EQ. 4) THEN
C ----- set perameters for room model -----

RF1 = 0.
RF2 = 1.

ELSE
C

120 CONTINUE
WRITE (SCRN,1120) RF1

1120 FORMAT (1 1,20(/),' 1,
'The +raction of total roots in top 15 cm of the soil is
1PG10.3,/
I (range = 0.0 to 1.0)1)
CALL CHANGE ((2), ICFLAG, IX, IL, IH, RX, (0.0), (1.0), R8X)
IF (ICFLAG.EQ.1) RF1 = RX

C
WRITE (SCRN,1130) RF2

1130 FORMAT (1 1,
'The fraction of total roots entering the buried waste '/
below the top 15 an plow layer of soil is t, 1PG10.3,

(ranga = 0.0 to 1.0)1)
CALL CHANGE ((2), ICFLAG, IX, IL, IH, RX, (0.0), (1.0), RBX)
TF (TCFIAO_Fn_)) RF9 = RX

1.B-17
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large intestine of the GI tract. Dose rate factors are based on a ;
breathing rate of 230 cc/sec. The first page of this file is printed in
Appendix I.D.S. A complete listing is located in Appendix 2.A. FILE23 is
created by a special version of the computer code DACRIN (Houston, Strenge,
Watson. 1974Y. This library is not "environment"-specific and consequently
should not need to be recreated by the user. The input to DACRIN that
created FILE23 is shown in Appendix 2.0.

2.3.6 Aquatic Foods Dose Rate Factors - FIlE24

The file assigned to logical unit 24, called FILE24, contains "environment"
-specific aquatic foods dose rate factor for 1 pCi per liter of river
water. Each record of the file contains dose rate factors of one radionu-
clide for selected organs. The file Is arranped into sats of records for
each year. The sets are delimited by a blank record. The file crgantza-
tion, corresponding MAXI1 variable names, and FORTRAN formats of FILE24 are
as follows:

Line 1 • Descriptive title, TIT24; ( 20A4).

Line 2 • Type descriptor, ID;
q number of years of data, NYRA;

number of isotopes, NISOA;
-- number of organs, NORGA; ( 5X, A4, 315).

0D Line 3 e Index of orgTns, KORGA(1),
for I ranging from one to NORGA; (515).

),rr

The following set of records follows for each year of data (k); a total of
NYRA sets:

^
Line A • Blank line

Next NISOA lines • One line for each isotope (1) containing;
C*4 element symbol as in the mastor radio-

nuclide library, ELTA(i);
^ atomic number as in the master radio-

nuclide library, AWAW(i);
dose rate factor for KORGA(J) where
j ranges from one to NORGA,
DINCA(k, i,,i ) ;
(A2, A6, 5E12.2).

/ FILE24 contains dose rate factors for five organs for 100 radionuclides for
fifty years. The organs are total body, bone, lungs, thyroid, and the
lower large intestine of the GI tract. Consumption rates are given in

.
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IF (IRS EQ. 5) WRITE ( SCRN,2500)
2500 FORMAT ( I `,24(/),

.14X.ISCENARIQ 5: User Defined Scenario'//

.14X,tThis scenario defaults to a full year of exposure to'/

.14X,Iexterr.al contamination and a full year of inhalatfon.'/

.14X,tThe user may specify any parameters to define a scenario.')
C

WRITE ( SCRN,2600) IRS
2600 FORMAT ( t 1,2(/),

.14X,tScenario v,I1,1 is now selected. Do you wish to change'/

.14X,Ithis selection ( N/Y):')
READ (KEY,8004) IDUM

8004 FORMAT (Al)
IF (IDUM NE. 'Y# AND. IDUM NE. ty') RETURN

C
GO TO 100

C
C
C---------------------------------------_-__ _----------------------'--
C

END

i
d
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Table 2.1-2. Radionuclides included are listed in Table 2.1-3. The first
page of this file Is printed in Appendix 1.C. A complete listing of the
file is located in Appendix 2.A.

FILE24 is generated by the MAXI3 computer code. 14AXI3 is a special version
of the ARRRG computer code (tJapier et al. 1980). The user is referred to
that document for detailed information. Instructions for executing MAXI3
are given in Section 3.1.2. The input to MAXI3 that generated the aquatic
foods dose rate factors in FILE24 is given in Appendix 2.C.

2.3.7 Drinking-Water Dose Rate Factors - FILE25

N.

N.

O

Qt^

i.^

"^.

^

('^d

0^

♦

The file assigned to logical unit 25, called FILE25, contains "environment"
-specific drinking-water dose rate factors for 1 pCi per liter of drinking
water. Each record of the file contains dose rate factors of one radionu-
clide for selected organs. The file is arranged into sets of records for
each year. The sets are delimited by blank records. The file organiza-
tion, corresponding MAXI1 variable names, and FORTRAN format of FILE25 are
as follows:

Line 1 • Descriptive title, TIT25; (20A4).

Line 2 • Type descriptor, ID;
number of years of data, NYRW;
number of isotopes, NISOW;
number of organs, NORGW; (5X, A4, 315).

Line 3 • Index of organs, KORGW(i),
for i ranging from 1 to NORGW; (5IS).

The following set of records follows for each year of data (k); a total of
NYRW sets:

Line A • Blank line

Next NISOW lines • One line for each isotope ii) containing:
element symbol as in the master radio-
nuclide library, ELTW(i);
atomic number as in the master radio-
nuclide library, AWW(i);
dose rate factor for KORGW(j) where
j ranges from one to NORGW,
DINCW(k,i.j);
(A2, A6, 5E12.2).

FILE25 contains dose rate factors for five organs for 100 radionuclides for
fifty years. The organs are total body, bone, lungs, thyroid, and the
lower large intestine of the GI tract. Consumption rates are given in

.

,^.
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C---- loop until user is satisfied with scenario selection -------------------
C

100 CONTINUE
C

CALL SELECT
C

^ IF (IRS EQ. 1) Wf<ITE (SCRN,2100)
2100 FORMAT (' '.24(!),

.14X,'SCENARIO 1: External Exposure'//

.14X,'This scenario can be used alone or as part of Scenarios 2'/

.14X,'and 3. Occupational conditions of 2000 h/yr of external'!

.14X,'exposure are assumed. Waste may be located on the surface,'/

.14X,'buried at 0.5 ui, buried at 1.0 in, or stored.')
C

IF (IRS EQ. 2) WRITE (SCRN,2200)
2200 FORMAT (' ',24(/),

.14X,'SCENARIO 2: External Exposure plus Inhalation from Resus',
^ 'pension'//

.14X,'This scenario assumes surface contamination results over a'/
r` .14X,'limited area. The scenario defaults to 2000 h/yr exposure'/

.14X,'to surface contamination and inhalation. The Anspaugh')^
IF tIRS EQ. 2) WRITE (SCRN,2201)

2201 FORMAT (14X,
'resuspension model in .sed. User may define the fraction'/

.14X,'of soil in the top 15 an containing buried waste (defat.7.5'/

.14X,'to 0.2).')
C1^

IF (IRS .E1. 3) WRITE (SCRN, 2300)
2300 FORMAT (' ',24(/),

.14X,'SCENARIO 3: Agricultural Activities'/!

.14X,'This scenario assumes surface contamination (as in Scenario'/

.14X,'2) with farming; defaults to 2000 h/yr exposure to surface')
^ IF (IRS EQ. 3) WRITE (SCRN, 2301)

2301 FORMAT (14X,
'contamination and inhalation. Anspaugh resuspension model'/

.14X,'is used. Scenario defaults to total diet of fruits, veg-'!

.14X,'atables, and animal products grown on the site. The user'!

.14X,'may specify the percentage of soil containing waste In the'/

.14X,'top 15 cm.')
C

IF (IRS EQ. 4) WRITE (SCRN, 2400)
2400 FORMAT (' ',24(/),

.14X,'SCENARIO 4: Irrigation and Drinking Water'//

.14X,'This scenario accounts for the use of well or r'7er water'/

.14X,'for irrigation and drinking. Assumes an irrigation rate')
IF (IRS EQ. 4) WRITE (SCRN, 2401)

2401 FORMAT (14X,
'of 150 1/sq m/mo for 6 months. Defaults to Anspaugh modei'!

. .14X,'for Inhalation. Assumes total diet and 1.2 liters/day of'/
.14X.'drinking water.')

.
1.8-15 =
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Table 2.1-2. The radionuclides considered are listed in Table 2.1-3. The
first page of this f,Sje is printed in Appendix 1.C. A complete listing of
the file Is inAppendix 2.A.

The computer code MAXI3 generates FILE25. MAXI3 is a special version of
the ARRRG computer code (Napier et al. 1980). The user is referred to that
document for detailed information. instructions for executing MAX13 are
given in Section 3.1.2. The MAXI3 input file that generated the dose rate
factors in FILE25 is given in Appendix 2.C.

2.3.8 Buried Waste External Dose Rate Factors

Three files are available for considering buried waste in the onsite dis-
posal "environment." The files are based on the locaticn ( relative depth
from the surface) of the waste. The three optional files are:

"VOLSOURC" - infinite surface slab source ( waste thickness of 1 m)
CO "BURIEDHF" - infinite slab source buried In soi'. with an overburden

depth of 0.5 meters ( waste thickness of 1 m)
S`^' 'BURIEDI" - infinite slab source buried In soil with an overburden

depth of 1.0 meters ( waste thickness of 1 m)
O

ONSITE assigns the appropriate fi;e to logical unit; 27 eased on the waste
° location selected by the user. The factors in tnese files relate the

radionuclide source strength to the dose rate in tissue 1 m away. These
factors are for 1 pCi per cubic meter for the waste. Each record of the
file contains dose rate factors for one radionuclide. The file organiza-

Lei tion, corresponding MAXIl variable names, and FORTRAN formats of the
optional files are as follows:

Line 1 • Descriptive title, TIT27; ( 20A4).

Line 2 • Type descriptor, ID;^
number of isotopes, NISODX; ( SX, A4, I5).

Next NISODX lines • ror each isotope (i)
element symbol as in master radionuclide
library, ELTDX(i);
atomic number as is master radionuclide
library, AWDX(i); S
dose rate factor in air, DFDXT(i);
(A2, AS, E7.1)

The three onsite disposal "envirorment" files are listed in Appendices 1.C
and 2.A. These files are created by the ISOSHLD (Engel et al. 1966;
Simmons et al. 1967) computer program.

2.38
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C
C- -----------------------------------------------------------------------
C

SUBROUTINE INTRO
C
C This subroutine displays introductory messages, describes
C available scenarios, and queries for user's selection.
C
C Module of ONSITE
C Version of 17-APR-84 RAP
C
C-----------------------------------------------------------------------------
C

INCLUDE 'ONSITE.CMN'
C
C

WRITE (SCRN,2000)
2000 FORMAT (' ',24(/),30X, 19('=')/34X,'ONSITE/MAXI'/30X,

. 19('='),//////)^
C

WRITE (SCRN,2011)
2011 FORMAT (14X,'This interactive program will assist you

. 'in the creation'/

. 14X,'of scenarios for assessment of onsite disposal of low-'/

. 14X,'level waste. Doses to man through the specified pathways '/

. 14X,'will be simulated by the computer program MAXI.'///

.14X,'The following notes may be of interest:')
C

•' •s- WRITE (SMN,2010)
READ (KEY,8003) IDUN

C
WRITE (SCRN,2001)

' ..e 2001 FORMAT (' ', 24(/),
.14X,'1) If the default condition is selected, you need only'/

04 .14X,'prerss <return>. YES-or-NO questions are designated by'/
.14X,'(Y,'N) and should be answered with a Y or N. The default'/

0. .14X,'condition is always listed first.')
C

WRITE (SCRN,2002)
2002 FORMAT ('0',

.13X,'2) The values you enter will be tested against reasonable'/

.14X,'limits and if they are not accepted you will be asked to'/

.14X,rsupply another value.')
C

' WRITE (SCRN,2010)
2010 FORMAT (/14X,'When you have finished reading, press <return>')

READ (KEY,8003) IDUM
, 8003 FORMAT (A8)

C
C

i 1.B-14>..
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APSrDMI)t 1.Et CD.^'tJTEiF CDOE LISTtM - fNSITE

C
SUBROUTINE GROUP (IGFLAG. GNRN£)

C
C This subroutine fntroduces a new category of parameters and allows
C the user of skipping edits to that entire group of pararwters.
C
C Parameters:
C
C IGPLAG - flag returned to calting program to indicate urer
C proferance concerning this group:
C 0 - do not change any parameters
C 1 - display/query this parameter group
C
C GNAPr - description of parameter group passed from calling
C program (Rual'8)
C
C Module of ONSITE
C Version of 17-APR-•84 RAP

^ C

C- ------------------------------- ----_.----------^-_ ---- -

C
INCL(pE 'aYSITE.CFt'
REAL"8 GNAME(2)

oc'
IGFLAG - 0

to
WRITE (SCRN,1000) (GNAME(I).I=1.2)

1000 FORMAT ( ' '.70('f')//
Do you wish to review or change '. 2A8,

'^ parar.:eters ( N;Y)')

C14
C

READ (KEY.80031 IDUM
_ 8003 FOPJMAT (Al)

IF (IDUM EQ. 'Y' OR. IDUM EQ. 'y') IGFLAG s 1

CN
C

RETURN
^ C

C---------------_--------------------------------------------------
C

END
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CALL GRIX)P(IGFLAG,GNA#.E)
IF (IGFLAG NE. 0) CALL OllANTI (I)

200 CONTIN('E
C
C

ELSE
C

IMOD a 0
C

ENDIF
C

j C
WRITE (SGY?N.1020)

1020 FORMAT (///' Do you wish to add radionuclides to the above'
f Inventory?')

READ (KEY,8001) IY
8001 FORMAT (Al)

-- C
IF (IY EQ. 1Y, OR. IY EQ. 'yt) THEN

r'? It+AD a 1
CALL RADIN

ENDIF

° C
IF (IMOD EQ. 1) GO TO 300

Cn C
RETURN

^n C
C----------------------------------------------------------------- -'-----
C

END

CV

_ 1T

c
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3. PROM-DURES

User instructions and te;.hnical details on use of the 0.NSITE/1lAXI1 software
package are presented in this section. Instructions are given for user
lnteraction with each of the computer codes. Detailed information on Input
para:-nctters is included for reference. Outputs from the c.xaputer programs
are described. Five saspie problems are Included with a oiscussion of the
hand calculations performed to verify the correct operation of the computer
code. Program-generated error messages and corresponding corrective
actions for the ONSITE and 14AXI1 computer codes are also listed.

This section is written primarily for the user who Interacts with the
ONSITE program to execute one of the scenarios presented in Section 2.1.3.
Before interacting directly with the other codes in the software package,
the uaar should be familiar with Section 2.2, amnutor Imolement<etto n.

The following conventions will be used in this manual to distinguish exact
user input from instructions ana from computer program displays.

<er> • These symbols indicate that the keyboard key
labeled R€TUM should be pressed when encoun-
tered in the manual. This Is analogous to the
carriage return for those of you more familiar
with typewriters than computers.

Q
.J boldface • Boldface print designates information entered

at the terminal by the user. NGTE: In the
appendices, information entered by the user is

t+^ underlined.,

CAPITAL LETTERS • When capital letters in hcldface type are en-
countered, the user shoulc type in the boldface
letters exactly as shown.

. ^
lowor-case letters • When lower-case letters are encountered in

boldface type, the user should substitute
scenario-specific information or a unique name.

SV
3.1 Llcer Instrr. ion^

The ONSITE/MAXI1 software package is installed on the Brookhaven CDC 66D0
16FA and 7600 MFZ computers. It is necessary to obtain an account name,

-, password, and pro"_lem number to use this computer. The user is responsible
for obtaining the ubove privileges to access the ONSITE/MAXI1 software.

Three levels of software operation are presented in Section 2.2.2. At
Level 1, the ONSITE program is used to establish and exorcise a scenario

..^>^ .
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C------------------------------------°-----------------------------------------
C

SUBROUTINE DISINV
C
C This subroutine displays the radionuclide inventory, allows the user
C to first modify quantities in the inventory, and then to add radio-
C nuclides to the list. If changes or additions are requested, the
C inventory will be redisplayed; the user does not return from this
C subroutine untii satisfied with the inventory.
C
C Module of ONSITE
C Version of 24-APR-84
C
C---------------------------------------------------------------------------
C

INCLUDE 'ONSITE.CMN'
REAL*8 GNAME(2)

C? C
300 CONTINUE

^ C
WRITE (SCRN,1000) NVU(INUT), (UNITS(J,M3M2+1),J=1,2), NVU(INUT),

^ . NVU(INUT)
1000 FORMAT(///T24,'Surface/Buried', T57,'Drinking'/

. T29, A4, T41, 'Irrigation Water'/
T11,'Radionucl1de',T25,A8,A5, T43,A4,111', T58,A4,'/1',/

. T11,'------------ ',3X,3('---------- ',5X))
C

DO 100 I= 1, NIN
- y, WRITE (SCRN,1001) ELTI(I), AWI(I), Q(I), QI(I), OJ(I)

100 CONTINUE
^ 1001 FORMAT(11X,A2,A6,3(5X,1PG10.2))

C
_ GNAME(1) _ 'the abov'

GNAM1fE(2) = re '
,.^ CALL GROUP (IGFLAG,GNAME)

I. (IGFLAG NE. 0) lHEN

,,Cr, C
IMOD = 1
WRITE (SCRN,1011)

-' 1011 FORMAT You may now modify the quantity of selected'/
radionuclides. To delete a rad'onuclide,'/
enter zero quantity.'////)

C
DO 200 I= 1, NIN

WRITE (SCRN,1010) ELTI(I), AWI(I), 2(I), NVU(INUT),
(UNITS(J,M3M2+1),J=1,2), QI(I), NVU(INUT), QJ(I), NVU(INUT)

1010 FORMAT (//' Radionuclide ',A2,A6,': t//
Surface/Buried: ',1PG10.2,1X,A4,A8,A5/

R . ' Irrigation: ',1PG10.2,1X,A4,'/1'/
Drinking Water: ',1PG1O.2,1X,A4,'/1 )

1.B-11
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within the context of the "enviroszaent" described in Section 2.1.2. At
Level 2, a different nanvirorv-.ent" can be established with the MAXI2 and
MAXI3 programs. At Level 3, the userinteracts directly with the MAXI1
program to set up scenarios for an 'ienvironmsnt" created with MAXI2 and
MAXI3 programs.

The following three subsections correspond to those levels, respectively.

3.1.1 Creating and Executing a Scenario - ONSITE (Level 1 User)

To establish and execute a scenario, the user need only type

ATTAQi,PROCFIL, ID=Q?7SITE,M=1 <cr>
EiEGIN,OM <cr>

to access the interactive program.

Lt;

F^"!

Q

S.Pl

^

C^E

^
T

0%

:

^:. .

^

ONSITE first introduces itself and displays general instructions on use of
the program. A menu describing the available scenarios is displayed. The
five scenarios are:

()) External-Exposure Scenario
(2) External-Exposure Plus Inhalation Scenario
(3) Agricultural Scenarios
(4) Irrigation/Drinking-Water Scenario
(5) User-Defined Scenario

A brief description of the selected scenario is displayed. The user may
change the scenario selection at this point. This allows the user to
interactively review all scenario descriptions before making a final deci-
sion for a specific simulation.

The user is queried for a descriptive title, the start time of the simula-
tion, and the level of detail presentod in the output reports. The user
may execute the scenario as it was described in Section 2.1.3 or modify
parameters associated with exposure pathways included in the selected
scenario. If changes are to be made, ONSITE will set parameter values
based on the usar's response to questions. Default values are displayed
for each oarameter, and the user's input is tested to determineif it is
within boundc. Before the user is asked to supply the inventory, an
opportunity is provided to review all of the entered parameters. This
enables the user to correct any mistakes or make changes.

When the user is satisf!ed with the parameter selection, the source term is
entered by radionuclide. Radionuclides should be selected from Table 2.1-3.
MAXI1 accepts radionuclide names only as they appear in RMDONS, listed in

3.2
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..^

^

C3'+

"'P.•

C^

L^

C lnteger fnput
IF (ITFLP^', NE. 1) GO T0 200
RERA ( KEY,t) IX
IF CIX IT. IL OR. IX GT. IN) GO TO 100
GO TO 700

200 CONTINUE
C
C real Input

IF (ITFLP.G NE. 2) GO TO 300
READ ( KEY.•) RX
IF (RX LT. Ri. OR. RX GT. f:u) GO T0 100
GO T0 700

300 CONTINUE
C
C real"B alpha tnput

IF (ITFLAG NE. 3) GO TO 400
READ (KEY,9003) REX

400 COddTINUE
C

700 CONTINUE
C

WRITE (SLSCN,1001)
1001 FG;04AT 0 1,24(/))

C
RETUFN

C
C ---- format statenonts ----
C
8003 FORlkRT CAB)

C
C___.--"--..r--......----. ------..-----..---r -------------------------`°-
C

END

+

,^ ^ •
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(^'Appendix

1.G9. Inhalation exposure calculations r®quire a translocation
class assignm.ont for each organ for each radionuclide. Default assignments
have been made. The us®r may review and/or modify these assfgrments. The
concentration of the radionuclides in the source term may be enterod in
various units selected by the user. A screen report of the inventory is
displayed when the user has completed inventory input. The user is then
allowed to 1) modify the displayed inventory, and then 2) add radionuclides
to the inventory.

----*-^^ ONSITE provides assistance to the user during scenario creation. This
manual should not be necessary during normal executions. The following
features are incorporated into the ONSITE software:

• Parameter descriptions and default values for each of the five
scenarios are stored in the code.

• Only applicable parameters are reviewed for each scenario.

• Questions are "English-phrased". A strong effort has been made to
refrain from computer jargon. The code attempts to ask questions
meaningful to the end user and logicaliy esteblishes required
parameter values.

p • Values entered at the terminal by the user are tested aganst minimum
and maximum allowable limits. If a value is determined to be outside
the allowable limits, the user is asked to supply another value.

W • Default values are installed with a null entry (i.e., pressing the

1.0
<retu-n> key).

*..7 • When a "YES/NO" question is asked of the user, the default condition
is always displayed first (e.g., (N/Y) indicates that a null entry is

C4
equivalent to a "no" response).

• Review of collections of parameters (e.g., agricultural and/or inhala-
tion pathway parameters may be bypassed during scenario modification).

• Radiological inventory input Is tested against a shortened version of
fpr the master radionuclide library, RMDONS. This establishes that infor-

mation is available in the data base for the source term in question
and that the user entered the radionuclide name in a recognizable
form.

• Radiological inventory input is tested against the previously entered
input to ensure that an entry is not duplicated.

• Upon ths completion of isiput, the radiological inventory is displayed.
The user Is given the opportunity to first modify and then add to the
inventory.

3.3
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FF"MIX 2.3 OMT(ITEA1 OME 38STING - WEYL

C---^.
C

SL6',.R(XITIf.'E CHANGE ( ITFLAG, ICFLA('i• IX. IL, IFr, RX. K. AN, R8X)
C
C CHANGE Is called to query i f parae;atar is to be changod.
C and if so, to i nput the new value and tHst if within the limits.
C
C This subroutine will handle Snteger, real and aYphancrreric
C (nput and will test the limits on Inter,er and real input.
C Alphanoa!vric input Is read into the rca108 variable.
C
C ICFLAG - CHANGE subroutinn passing flags ( returned)
C 0 - no change roquested
C 1 - chanye requested

• C ITFLAG CHANGE subroutine passing flag: (received)
C 1 - Integer value
C 2 - real value
C 3 - alphanunor(c tnput - reali@
C IX - now inteqar value (roturndd)
C IH - maximum allowable ( ntecer input (received)
C IL - minimum allowable I nteger ( nput (received)

` C RX - new real value ( rpturned)
-- C RH - maximt.^n allowable real (nput ( received)

C RL - m(n(mur., aliovable real input ( reco(ved)
-- C R8X - rcal"8 alphanuner(c string Input ( returned)

C
OD C Module of ONSITE

C Version of 17-APR-84 RAP
I (^ C

• C-----^.------------ -^y ».---._-
C

C
(714 INC{.^J.E IONSITE.CM,4f

REAL"8 RSX
^ C

ICFLA:: - 0^
WRITE ( SCRK.1000)

1000 FORMAT ( //' 1.70('-R),//
Do you wish :o change this value ( N/Y)?')

READ ( KEY,8001) IY
8001 FORA(AT (Al)

C
IF (IY NE. 'Y' .fu':0. IY NE. ty') GO TO 700

C
ICFLAG = I

100 CONTINUE
C

WRITE ( SCRN. 1010)
1010 FORkAT i t 1/' Enter new vaTue: ')

C
_-,--.

1.9-9
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o Default organ translocation classea are assigned.

• Input is free-formatted as specified in ANSI-FORTRAN-77.

• The user may review and/or modify scenario paramsters until satisfied
with the selection.

Upon completion of the ONSITE program, the user is asked to supply a CDC
account name and problem ry umbar. This information is used to prepare
control statements for the MAXI1 execution. The MAXI execution file
created by ONSITE will be in the userMs w,,,)rk area under the name TAPE7.

The user should then enter the following command:

BEGIN, D0NE <cr>

This command will catalog the execution file, submit the file to the MFZ
computer for processing, and prepare the work area for another run.

^• The user will be prompted to enter a unique filename in the following
manner:

C:) F FILENP.REE FOR SCENARIO: filename <cr>

The user is then asked to supply a unique read key for the file as follows:

R REH^u KEY FOR FILE: readkey <cr>

This key will protect the user's account name and problem number. The
MAXI1 execution file will be stored as a permanent file under the name
specified by the user. The permanent file will have an ID of ONSITE and a
retention period of ten days. This two-step procedure allows the user to

C%A access the input file prior to execution.

^ Because of extended core memory requirements, there may be a delay in the
MAXI1 executions. When the files have been executed, ( the job names will
appear under OUTPUT FILES in the FILES command response), the user may use
the SEND co:omand procedure to direct output to the RJE terminal in SS-056.

O^ To start the procedure, enter:

BEGIN.SEte'D <cr>

The procedure will respond with the following request:

F NAME OF OUTPUT FILE TO BE PRINTED: jobna.-to <cr>

The user should enter the fobnane as it appears in the FILES ca mand
response. The SEND procedure then requests a name that will be printed on

i,. •

. ... ...... . ... ...:. ...._
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C----_-_--._---..._-_.._-_.-_____.-------------- --_-----^^

C
C ONSiTE.014 {ncludu file of cownon blocks for the ONSITE ccmputor

C program
C
C Version of 28-14AY-84 RAP

C

C
CObMN /VPStYBL/ IFOD. RIRR,RPF, IFiO, RFl. RF2. IARG, 11dAT.

. , IDK.IiAT, IEXT, IAIR, XOSiT'E. IOKASR.
ISUR. 122. XF2,
AGE, X(1PT, DEN, X?fi.F, RINH, DILF, k392. INTRUD.

Iri, IT2. NO'3,. KORG(5). ICUT. NEXT.

RPF1. RPF2. INt1'+L. IRR, SRDIL, NVUNlT(4)

Rc'AL hYUNIT
C

C)3WiCN /INV/ NIN. ELTI(100), AitI(100). NSOLV(S,100).^
Q(100), Oi(200), 0J(100). G.'c(100)

• REAL+'B P.kI
INTEGF.R ELTI

C
^ COuA(ElN /FLAG/ IRS, ILOC. ItiUT. Ikk2L. INRL

C
C IRS - IN9EX CF SELFCTED SCENARIO

CO C ILOC - INDEX OF LO(:ATION OF THE WASTE:
C 1) SURFACE

C 2) BURIED AT 0.5 At
C 3) B'.1RIED AT 1.0 14
C 4) STORED
C INUT - INDEY. CF RADIQLOGICAL UNITS INPUT FOR ARRAYS

C\j C NVU ( DESCRIPTION) AND NVUNT(#A0. FACTOR)

C IARL - SET IF SUR=ACE/PSiRIED COt:I'At{I"2ATION

C IWRL - SET IF LIQUID CONTA34INATFON

C
(q CO(440t1 /AREA/ FRSIZ, AREAIN. AREAEX

C
fT C FRSIZ - SIZE OF THE SITE IN FRACTIONAi N£CTAm4ES

C AREAIN - AREA CORRECTION FACTOR FOR INTERNAL PATHWAYS

C AREAEK - AREA CORRECTION FACTOR FOR EXTERNAL PATHWAYS

C
COt+sqN / DESC/ TITL(20). UNITS(2,3). NYU(4)

REAL•8 UNITS
, REALF4 TITL. NVU

C
COU!MCN / Ir.V°iR/ SCRN. CJT. C(1TFIL. KEY

CHARACTER°15 CX)TFIL
INTEGER SCRN, OUT

C
__.______________________________- -

1.B-8
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^ -----

the banner page of the output. The ucer may use any five-character
sequence to identify the run. The format of the request is as follows:

N FIVE CHARACTER NAME TO IDENTIFY RUN; n=* <cr>

. i`

L!'}

r."r>

CD

co

;!t

CN

N

O^

3.1.2 Creating an "Environrrent" - MAXI2 and MAXI3 (Level 2 User)

MAXI2 1s a specialized version of the FOOD (Napier et al. 1980) computer
program. MAXI3 1s a specialized vorsion of the ARRRG (Napier et al. 1980)
computer code. The user is referred to the ARRRG and FOOD document for
user instructions, with the following exceptions:

• Only the following NAMELIST parameters are used by MAXI2:

NEXT HLDUP KORG
KFDTYP CON '12

GRWP TRNS POP
YELD EXTIM IPOP

• Only the following NAhiELIST parameters are used by MAXI3:

NEXT KORG USAG
KPTHWY PLIFE ISALT
T2 HLDUP

• Release parameter records need only list the radionuclide name,
ELTI(i) and AWI(i) In FCRTRAN A2, A6 format.

• Special versions of the data libraries used by MAX12 and MAXI3 are
lncluded in the ONSITE/MAXI software package. These libraries contain
information in the radionuclides listed in Table 2.1-3. The liurary
FTRAr1SLIB contains elemental deposition velocities to account for
deposition of resuspendgd radinctive materials. Transfer coeffi-
cients in FTRANLIB for H and C are taken from Regulatory
Guide 1:109 (U.S. NRC 1977). The libraries included In this package
are:

RMALIB BIOAC
ORGLIB FTRANSLIB
GRDFLIB

RMDLIB is also used by MAXII.

• Files must be assigned to the following logical unit devices to obtain
dose rate factor output;

.. .. . f ^., '.

t

^

^
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C---- allow user to review parameters before entering the inventory
C

GNAM.E(I) _ 'any of V
GNA(dEC2) a t he atfoW
CALL GROUP (IGFLAG.GNAME)
IF (IGFLAG EQ. 1) TNEN

IR4?D - 0
GO TO 200

ENDIF
C
C---- input tnventory and write ftle ---------------_--_-_____--___-_»__-_
C

CALL RADIN
CALL DISINv
CALL RITFIL

C
C--- end of program --------------------------------- ____
C

END

T.B-7
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^ ..
Logical Corresponding
Unit ra, ls F11e Dr.scrt S-y.ion

20 MAX12 'leaf mochanissss FILE20
21 MAXI2 soil mochanisms FILE21
22 MAX.I2 surface external mechanisms PLlAJSOURC
24 MAXI3 aquatic food-product mechanisms FILE24.
25 MAXI3 drinking-water mechan'sms FILE25

MAXI2 and MAXI3 will print reports of input parameters. Output file
organization is presented in Section 2.3. Outpv^ reports (as provided by
FOOD and ARRRG) are not printed.

Sample tnput files to MAX12 and MAXI3 and listed in Appendices 2.B and 2.C,
respectively.

The ONSITE/MAXI1 data base contains the "enviroruoent" described in Section
2.1.2. File names generated by MAXI2 and MAXI3 must not conflict with
those currently in the data base. It is suggested that all files be
renamed so that the different "environment" can be established without
sacrificing the integrity of the ONSITE/MAXI data base.

C:)
3.1.3 Interacting Directly with MAXI1 (Level 3 User)

A user may establish a scenario by interacting directly with the MAXI1
.-On tomputer program. Because of the complexity of the MAXI1 input parameters,

the user must have a thorough understanding of MPXIL theory and coding

i,r! before attempting this interaction. A11 necessary information for MAXI1
execution is included in this manual. The user is referred to Sections 2.2,

xt' 23, 3.2, 4.4 and 4.5 for further information on executing MAXI1.

4^9
3.2 Tnpnt Partmetprs

Information in this section Is not necessary for successful execution of
L11 the CivSITE program. It is included for reference. The default parameter

values assigned to each scenario are given in Table 3.2-1. The input
a` variables for ONSITE/MAXI1 are described in Table 3.2-2. The na.+ae of each

parameter is folloved by the number of elements (and specification if it is
an array), the data type classification, and a description. The parameter
description includes the function of the parameter, the dimensional units,

and the minimum and maximum allowable val ues if applicable. The parameters
are listed in alphabetical ordei.
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ELSE
IF (ISUR EQ. 1) RPF1 = 1.0
IF (IEXT EQ. I) RPF1 = 1.0

ENDIF
C

L('1

^

tX?

&^'P

C^P

[S

)

IF (IRS EQ. 4) GO TO 300
C

WRITE (SCRN,1230)
C

00 131 I= 1. 4
WRITE (SCRN.1231) I. NYU(I)

131 CMNTINUE
C

WRITE (SCRN, 1232) INUT
1230 FORMAT(+ 1.24(/),° °.

.°Tho surface/buried inventory may be entered as: °//1
1231 FORKAT(15X, Ii,° - °,A4)
1232 FORMAT(//° °.

.'Tho currect solection is: '.I1)
C

CALL pite°dGE ((1),ICFLAG, IX, (1), (4), RX,RL,RH.RSX)
IF (ICFLA;; EQ. 1) INUT * IX

WRITE (SCfiN,1200)
00 142 I 1. 3

IN3 = I - 1
kl?ITE (SCRN,1201) 1FL, NYU(INUT), (UNITS(J,I)„7=1,2)

142 CONTINUE
WRITE (SCR41202) 93N2

C
1200 FOWAT ( r r.24(/),' •,

+Tt+e contamination deposited on the site at start of'/
° calculation may be entered in the following units:'//)

1201 FOR.kAT (15X, Ii,° - °,A4.2A8)
1202 FORYAT (;/, ° The curront seioction Is. ',I1)

C
CALL CHA°SGE ((1).ICFL4G,IX.(0),(2).RX.RL,RF4,RSX)
IF (ICFLAG EQ. 1) F(3M2 = IX

C
300 C0NTINUE

C
IF (IRS EQ. 4) GO TD 301

C
WRITE (SC,RN,1250) SRnIL

1250 FOf^.'"(AT(° °.14(/).1 ',
The surfaco/Duri,!d inventory dilution factor is: ',IPG10.2/

° (range = 0.0 to I.OE+20)°)
CALL CMAl;G€ ((2),ICFLAG..IX.IL,IH,RX. (0.0),(1.E20),RBX)
IF (ICFLAG EQ. 1) SROIL = RX

301 CIMYTINUE

1 .t3-6
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Table 3.2-1. Scer.ar9o Default Parameter Values

Er.4s•rwal Irr:y^atta.zf
Ex244,ztal Fs;,meur® and Drirking
L=.r(rI ?9cE^xea ^"-L4sS°,LL;,rsl 7aSat I!%2L1^-

Pathsaysc

External Exposure
to Burted Waste

^

00

In

N

0%

(SEXT) L 0 0 0 1

External Exposure •
to Surface h'aste
(ISUR) 0 1 1 1 1

Food Consmptton
(IFOD) 0 0 1 1 1

Drinking Water
Ccnsuaptton (INAT) 0 0 0 1 1

Aquatic Food Product
Consumption (SARG) 0 0 0 0 1

Air SuCadssfon
(IAIR) 0 0 0 0 0

Hours of Expr,urez
To External 2000. 2000. 2000. 2000. 8766,
To Inhalation 0 2600. 2000. 2000. 8766.

Nasto Dilution
Faitor .2 .2 .2 1.0 .2

Rcsusponsion Model: NA Mspaugh Anspaugh Anspaugh Ikss toading
Age of contami-
natton (yrs) NA 0 0 0 -1

Thickness of sur-
face soil layer
availabla (cn) NA 1.0 1.0 1.0 NA

Fraction of Otot
Grown on Site 0.0 0.0 0.0 1.0 1.0

! Years of Prtor
Irrigation of
Site 0 a 0 10 0
Solac<,ed Organs Total Total body. Total body. Total boCy. Total body,

body bons, lungs. bone,. lur.gs, bone. lungs, bone. lungs.
' thyrotd, thyroid. thyroidr thyrotd.

GI tract GI tract GI tract GI tract

No. of Years
After Waste Is
Dtsposed That:

Scenarto Begtns 0 0 0 0 0

Scenario Ends 50 50 50 50 50

Site Size (ha) 1.0 1.0 0.05 1:0 1.0
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hPPEMIYt I.b OMM ME LISTI^'a - MIYE

i

V
IF (FRSIZ GE. 1.0) 5N€u

a3tgAIN • 1.0
ELSE

IF (FRSIZ GE. 0.1) T}lEN
tR£RIN • 0.75

ELSE
IF tFRSIZ GE. 0.02) TNEN

tREAItt = 0.50
ELSE

IF tFRSIZ GE. ;1.095I TIEFli
htfAItt . 0.2`

ELSF
utEAlr, = 0.I0

. E°tUIF
ihD IF

ENOIF1 €Naii
C

IF (FRSIT. GE. 0.i2S) THEN
tREAEX • 1.0

Cg. ELSE
IF (FRSIZ C.E. 0.05) TNEN

t3`.€AEX
EtJ€

-» IF tfRS:Z .GE. 0.01) 'MEri
, RF`-rA4X a 6.5 • FFcS1Z + 0.46

C(? ELSE
IF (FKSIZ GE. O.a02SI TNErt

I#ry , f^ AREAEX = 20.0 • FRSIZ + 0.35_ . . ELSE
^of• A4tl(EX = 160.0 • FRSIZ

EMOIF^
ENVI F

ErtOIF
- ENOIF

C
401 C+:'tTllttk

C
C---- input ratio and inventory units ----------------
C

IF tISUR EQ. : .R1P. IEXT EQ. 1) TNEN
UfIITE ( SCRN.2220) Rflf2

1220 FOi'NAT C' ',14(/3.' '.
Tnis sc4narfo assaees both surface contamination and'/

.' ccntamtnatiDn fran buried or stored basto. What fs'/
the ratto of xaato cancantratfon i n, the surface to'/
suPsurfaca satts2 tRanca • 0.0 to 1.05'/
The current selection is: ', 1PG10.31

CALL C*+ANGE l(2).ICFLAG.IX.IL,I4.RX.(0.0),(1.0),RBXl
IF ( ICFL+LQ EQ. 1) WF: • RX

1.8-5
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Tabie 3.2-2. W1SIlE/68AXI1 Paramater Descriptions

NPRELIST
Para:m>ter Set/No. Array

Nan Etsv-anpf,s Data Fr.r.e Descriptiosi_

AGE INPUT Real Anspaugh model. Average age of sur-
face contamination at the beginning
of the calculation in years.

AREAEX INPUT Real Area correction factor for external
pathways to account for the limited
exposure potential from smaller
disposal sites. This parameter is
calculated by ONSITE based on the
size of the site, FRS1Z. (Default
vaiue is 1.0)

CC) AREAIN INPUT Real Area correction factor for internal
pathways to account for the lintited

S°? exposure potential from smaller
disposal sites. This parameter is

C) calculated by ONSITE based on the
size of the site, FRS1Z. (Default
value is 1.0)

AWI (100) Alpha Two-character element symbol of
each radionuclide In the source

in term.

_r DEN INPUT Real Mass-loading model. Soil density

in grams per cubic meter. (Default

value is 1.OE+6)

EITI (100) Alpha Atomic number of this radionuclide.

Input may be up to six characters
in length and include metastable

0%
(m) and daughter (+0) designation
(e.g., TE127m+D).

FRSIZ INPUT Real Disposal site size 0 terms of

fractional hectares. (Default
value is 1.0)

122 INPUT Integer Index of source computer program of
the external dose rate factors in

the file assignea to logical unit
22:

0 - ISOSHLD
1 - D1AXI2

3.8
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PPr'EE$)IX 1.3 C07RPUTER CODE LI.rTIIF''.a - ONSITE

304 CONTINUE
C
C---- query if changes are desired to scenarios & moGify --------------
C

IF (IRS LT. 5) GO To 111
IMOD=1
CALL OPTION
GO TO 100

111 CONTINUE
C

WRITE (SCRN,1001) IRS
1001 FORMAT !' ',

. 14X,44('b1)//14X,'Do you wish to modify any parareter values for'

. /14X,'Scenario ',I1.' (N/Y) 7')
READ (KEY,8001) IDUM

8001 FCRMAT ( Al )
WRITE (SCRN,1002)

^ 1002 FORMAT (' ',14(/))
C

IF (IDUM EQ. 'Y' OR. IDUM EQ. 'y') IMOD =1
100 CONTINUE

- IF (IMDt1 EQ. 1) CALL biODIF
C
C
C---- set area correction factor --------------------------------------

^ C
400 CONTINUE

V1 IF (IRS EQ. 4) GO TO 401
^ C

C

C14
WRITE (SCRN,1300) FRSIZ

1300 FORMAT ( ' ',14(/),' ',
'The size of the site in terms of fractional hectares'/
' (ie., 10000 sq m), is ',1PG10.3,'.')

CM CALL qiANGE ((2),ICFLAG,IX,IL,IH,RX,(1.E-35),(1.E35),RBX)
IF (ICFLAG.EQ.1) FRSIZ = RX

^ C
C

WRITE (SCRN,1301) FRSIZ
1301 FORMAT (////' ',

.'The inventory will autcxnatically be adjusted by tha'/
' appropriate area correction factor for each exp(,s+ire'/

.' pathway based on a site size of ', 1PG10.3, ' hectares.'/)
C
C

GNAME(1) _ ' the ab'
GNAME(2) = 'ove '
^)ALL GROUP (IGFLAG, GNAME)
IF (IGFLAG.EQ.1) GO TO 400

C

1.B-4
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Tabie 3.2-2. OH"sITEfMII Parawe.xir Qascr4ptiezs - eontfetued

rt1WlIST
!'aramtrar SetlPdo. Array

PZrm EYa-sZtet5 D a To513 Dr-scr$i}4ion

If 122=0, MAXI1 will set XFACT =
5.844E-11. If I22=1, MAXII will
set XFACT = 1.0. (Default value
is 0)

IARG INPUT Integer Consumption of aquatic food pro-
ducts from a contaminated river
pathway:

0 - pathway not selected
1 - pathway selected

IEXT INPUT Integer External exposure and crop root
penetration for deeply buried waste:

0 - pathway not selected
1 - pathway selected

IFOD I,%PUT Integer Farm products ingestion pathway:
0 - pathway not selected
1 - pathway selected

IM0 INPUT Integer The number of months per year that
crops are irrigated. (Default
value is 6)

INHAL Integer Inhalation from resuspension
pathway:

0 - pathway not selected
1 - pathway selected

ION INPUT Integer Control parameter set to indicate
that input was created by the ONSITE
program. Used to control parameter
printing in QAPAGE. ION is set to
1 by ONSITE. (Default value is 0)

IOUT INPUT Integer Output class index:
0 - print tables of maximum annual

doses per organ with radio-
nuclide and pathway contribu-
tion

^ ^
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200 CONTINUE
C

WRITE (SCRN,1110) IT1
1110 FOKMAT ( ' ',20(/),^ ',

.'This scenario begins 1,I4,' years after the waste ts'
../' disposed.')
CALL (}iANGE ((1), ICFLAG, IX, (0), ( 9999), RX, RL, RH, R8X)
IF (ICFLAG.EQ.1) IT1 = IX

C
IT2 = IT1 + 49
WRITE (SCR.N,1111) IT2

1111 FORMAT (' ',
.'This scenar`o wiii end ',I4,' years after the waste is';

' disposed. OK? (Y/!!)')
READ (KEY, 8001) IDUM
IF (IDUM .EQ. 'N' OR. IDUM EQ. 'n') GO TO 200

C
WRITE (SLRN,1120)
WRITE (,CRN,1121) IOUT

C
1120 FORMAT ( ' ',14(/),' It

.'Three types of printer reports are availabls:'//
' 0- Tables of maximum annual dose per organ with radio',

.'nuclide and'/' pathway contribution'/

•'
1- Table above plus annual doses by organ and totat'/

' 2- Table above plus annual doses by organ, pathway and',
.+ radionuclide')

C
1121 FORMAT

.'The current selection is:',I2)
CALL CHANGE (Cl), ICFLAG, IX, (1), (3), RX, RL, RH, RSX)
IF (ICFLAG.EQ.1) IOUT = IX

C
IF (IRS GT. 1.AND. IRS LT. 5) GO TO 304

C
C--- if scenario 1 or 5, find out where the wastes are located and set flags
C

IF (IEXT EQ. 0) GO TO 304
WRITE (SCRN,1210)
DO 302 I= 1, 4

WRITE (SCRN, 1211) I, (EXTFAC(J,I),J=1,2)
302 CONTINUE

WRITE (SCRN,1212) ILOC
C
1210 FORMAT (' ',14(/),' ',

' In this scenarin, wastes may bo:'//)
1211 FORMAT(20X,I2,' -',2A8)
1212 FORMAT (//,' The current selection is: ',I1)

CALL'CHANGE ((1),ICFLAG,IX,(1),(4),RX,RL,RH,RBX)
IF (ICFLAG EQ. 1) ILOC = IX

1.B-3 t'.
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Table 3.2-2. fk3SI7E1F`g8(II Psrazetusr Descriptions - Coatir.ued

!AA'MLIST
Par&T,ecer Set/No. Array

Nn,+2 Flex^nts- ata Tv,pQ Description

• 1 - prints above table and a run-
ning summary of the annual
doses listed by organ and
total only

2 - prints above summaries and
gives all annual tables by
organ, pathway, and radio-
nuclide

IRR Integer Number of years irrigation accumu-

lates radionuclides on the site

prior to beginning the dose calcu-
lation.

IRS Integer Index of the selected default
scenario:

CD 1 - external exnosure
2 - externai e-posure plus inha-

lation from resuspensicn
3 - external exposure from

agricultural activities

in
4 - use of contaminated water for

irrigation and/or drinking
.^r 5 - user-created

ISUR INPUT Integer External exposure to ?urface con-

tamination:
, .. 0 - not selected

1 - selected

C*4 if this parameter is set to 0,
XFACT will be set to 1.0 in MAXI1.

^ (Default value is 1)

IT1 INPUT Integer The year after waste disposal when
intrusion occurs and the annual
uose calculation begins. This
parameter allows for correct chain
decay of source term. (Default
value is 1)

IT2 INPUT Integer Number of years of annual dose
calculations. The maximum allowed
is 49 + IT1. (Default value is 50)

3.10
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/iE'PENDIX 1.B COMi'UIER CODE LISTING - ONSITE

C Program variable descriptions --

C IRS - Index of scenario used for default values

C ICFLAG - CHANGE subroutine passing flag: (returned)
C 0 - no change requested

C 1 - change requested

C IGFLAG - GROUP subroutine flag: (returned)

' C 0 - no change requested in this group

C 1- change requested in this group

C ITFLAG - CHANGE subroutine passing flag: (sent)

C 1 - integer value

C 2 - real value
C 3 - double precision value

C IX - CHAF.°GE subrouotine passing parameter - iiteger value

C IH - CHANGE passing parameter - maximum allowsble integer input

C IL - CHANGE passing parameter - minimum allowabie integer input

C GNAhiEt2) - Real*8 name of subgroup passed to GROUP

-- C RX - LHANGE subroutine passing parameter - real value

C RH - CHANGE passing parameter - maximum allowable real input

C RL - CHANGE passing parameter - minimum allowable real input

C R8X - CHANGE subroutine passing paremeter - real*8 value

-- C
C---- data definition and intialization ---------------•----------^•------------

C
INCLUDE 'ONSITE.CMN'
REAL*8 RBX. GNAME(2), EXTFAC(2,4)

C
E--01 DATA KEY, SCRN, OUT, IRS, IMOD: IBS /5,6,7,1,0,1/

DATA EXTFAC /'On surfa','ce ',
'Buried a','t 0.5 m ',
'Buried a','t 1.0 m ',

N. . 'Stored w','aste '/

C
^ DATA NVU /'pCi ','uCi ','mCi ',' Ci '/

DATA NVUNIT /1.0, 1.OE+3, 1.0E+6, 1.0E+12/

DATA UNITS /'/square ','meter ',
'/cubic m','eter ',
'/Kg of s','oi1 '/

C
C---- introduce program, describe scenarios to user, & establish defaults ----

C
CALL INTRO
CALL SCENR

C
C---- input time and required parameters -------------------------------------

C
WRITE (SG`2N,1100)

1100 FORMAT (' ',20(/),' ',
.'Enter a descriptive title to identify this case: ')

READ (KEY,1101) (TITL(I), I=1,20)
1101 FORMAT (20A4)

1.B-2
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Table 3.2-2. 0-?I'SMM".XfI Peramter €bas.crfptgersss - CaietiqU,9

WELIST
Para.aeior Setlevo. Array
Hma ^1^'".?S ^?$'a T^6a 1.

Ik'AT INPUT Integer Drinking water ingestion from well
water pathway:

0 - pathway not selected
1 - pathway selected

KORG INPUT Integer Indices of selected organs.
(5) Indices must be ?rranged in

ascending order as discussed in
Section 4. Total body must be
included.

M3M2 INPUT Integer Surface source term input:
0- permits input of pCi/square

-^ meter
1- permits input of pCi/cubic

meter
2 - permits input of pCi/kilogram

C':) of soil
(Default value is 1)

NIN Integer Number of radionuclides in the
source term. ONSITE calculates
this number.

LC4
NORG INPUT Integer Number of organs to be considered.

Total body must always be con-
sidered as one of the five selected
organs. NOTE: 1<_ NORG <5.

^ Q (100) Real Contamication deposited on the
site at start of calculation.
Units as specified by M3M2.

0% QI (100) Real Irrigation/river release source
term in units of pCi/L. May be
used in Scenarios 4 and 5.

QJ (100) Real Drinking water source term in units
of pCi/L. May be used in Scenarios
4 and 5.

RF1 INPUT Real The fraction of total roots in top
r 15 cm of the soil. (Default

value is 1.0)

3.11
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APPENDIX 1.B CORPUTE@2 CODE LISTING - ONSITE

C------------------------------------------•'--------------------------
C
C Program Title: ONSITE
C
C Developed for: U.S Nucear Regulatory Commission
C Office of Nuclear Material Safety & Safeguards

. C Division of Waste Management
C
C Date: May 31, 1984
C
C NRC Contact: Dr. Stan Neuder
C Phone: 301-427-4607
C
C Code Developer: B.A. Napier, R.A. Peloquin, W.E. Kennedy, Jr.
C Pacific Northwest Laboratory
C Richland, WA 509-375-3849 (WEK)

0
C
C

CY%
C This program was prepared for an agency of the United States
C Government. Neither the United States c;overnment nor any agency
C thereof, or any of their employees, make any warranty, expressed
C or implied, or assumes any legal liability or responsibility for
C any third party's use, or the results of such use, of any portion
C of this program or represents that its use by such third party
C would not infringe privately owned rights.
C

3,fT C--------------------------------------------------------------------
C--------------------------------------------------------------------
C
C ONSITE is the interactive user/system interface for the ONSITC-

N C Disposal Version of the MAX11 computer code. ONSITE creates
C a file containing the JCL and input stream for MAXI1.

- C
C Version of 1-MAY-84 RAP

(e! C
C The program ONSITE includes the following modules:

CT C
C CHANGE - to query if parameter is to be changed, and if so,
C to input the new value
C DISINV - to display and control modifications to the
C user-entered trraentory
C GROUP - to determine if changes are required for a group
C of parameters
C INTRO - to display introductory message
C MODIF - to modify selected scenario parameters
C (lUPNTI - to read in source term this radionuclide
C RADIN - to reao in and test radiological inventory
C RITFIL - to write MAXI1 JCL and input stream

• C SELECT - to =elsct and test scenario option
C SCENR - to establish scenario default parameters



Table 3.2-2. C-NSITE/tNA311 Para_natur Dsc;criptions - G.rratir+usd

HFMLIST
Parassa£er S3t/t:ce. Array

Name E1epents i?afia Tvice Dar.crtntton

RF2 INPUT Real The fraction of total roots enter-
ing the buried waste below the top
15 cm plow layer of soil. (Default
value is 0.0) Note: RF1+RF2 <_1.0.

RINH INPUT Real RINH modifies the hours of inhala-
tion per year from 8660 hours per
year to case-specific values and
modifies breathing rate. ONSITE
asks for the number of hours of
inhalation per year and computes
this number.

RIRR INPUT Real Irrigation rate in liters per
7 square meter per month. (Default

value is 0.0 - no irrigation)

RPF INPUT Real This parameter value is calculated
-- by ONSITE (RPF = RPFI * RPF2)

unless RPF is zero cr unspecified;
CO in that case RPF = RPF1.

to RPF1 INPUT Real This is a ratio of waste concentra-
tion in surface to subsurface
soils. (Default value is 1.0)

C14 RPF2 INPUT Real Fraction of the total diet grown on
the site. (Default value is 1.0)

SRDIL INPUT Real Inventory dilution factor. (Default
N value is 1.0)

0^ XDPT INPUT Real Anspaugh resuspension model. Frac-
tion of the soil plow-layer thick-
ness available for resuspension.
(Default value is 0.067)

XF2 Input Real Number of hours of external expo-
sure to surface contamination.
This parameter will modify XFACT by
XF2/8766 in MAXI1. (Default value

+ is 2000)

I
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Table 3.2-2. DNSITE/E3PJ(I1 Para:.ater Descriptions - Continued

PdSELIST
Para-m-ter Set/P.o. Array
",y^ E3e^-_nts Data Tvne DPseription

XMLF INPUT Real Mass-loading resuspension model.
Mass-loading factcr in grams per
cubic meter. (Default value
is 1E-4)

The reference "environment" used to calculate the dose factor files in the
data libraries is based on a uniformly contaminated site of 1 ha. To
modify the default site area for consideration of smaller sites, the user
is asked to enter the site size in terms of^ractional hectares. As an
example, if we wish to mo^el a site2of 150 , we would enter a fractional
site size of 0.015 (150 m/10,000 m). The site area correction factor
automatically applied by the ONSITE computer program to the ingestion and
inhalation pathways is 0.25 as shown in Figure 2.1-1. This factor implies

that only 25% of the total annual diet is raised on a site of 150 m2 and

that the local air concentration resulting from resuspension is 25p of that
resulting from a larger (1 ha) site. For direct exposure, the site area
correction factor applied by the ONSITE computer program for this case is
about 0.5 as shewn in-Figure 2.1-3. This fac$^or implies.that the direct

exposure source strength from a site of 150 m is 50% of the source
strength resulting from an infinite slab or plane. In addition to applying

the site area correction factors, the user may still modify the hours of
exposure and the other scenario-specific pathway assumptions.

3.3 Outout Descrio tjQ,pg

ONSITE produces a system execution file containing logical unit/file
assignments, the system command to execute MAXI1, and input for MAXI1
defining the scenario specified by the user while interacting with ONSITE.

MAXI1 generates a printer report that contains a complete description of
parameters and their values and tables of maximum annual doses per organ.

The user may select from three levels of detail in the results reporting:

• tables of maximum annual doses per organ with radionuclide and
pathway contribution

• the tables listed above and a running summary of the annual doses

listed by organ and total only

• the above summaries and all annual tables by organ, pathway, and

radionuclide.

^
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APFcr9'iIY. 1.A COAPiIi-e.It CODE LISTIFifi - MAXI1

C-----------------------------------------------°------------------------
C

SUBROUTINE ZEROI(N,K)
C
C THIS MODULE SETS N VALUES OF ARRAY K TO INTEGER ZERO.
C
C Module of MAXII
C Version of 25-APR-84 RAP
C
C---------------------------------------------------------- -------------
C

DIMENSION K(N)
C

DO 1 J-1,N
K(J)=0

1 CONTINUE
co C

RE;llRN
^ C

C--------------------------------------------------_-_-^--------.------
-- C

. END^

C--------------------------^----------------'--------'---°-^-^-'•-'------_
^ C

SUBROUTINE ZEROR(N.A)
^^ C

C TNIS MODULE SETS N VALUES OF ARRAY A TO REAL ZERO.

. C
C Modue of MAXI1

^ C Version of 25-APR-84 RAP
C

^
C..r.._------------------ °----------" ._--------------°-'-----^-'^------
C

DIM.ENSION A(N)
C

DO 1 Ja1,N
A(J)-O.

1 CONTINUE
C

RETURN
C
C-------------------------------------------------------------------------
C

END
e

1. A-52
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The para»ater IO'JT controls printer report seloction. Usuaily I0UTa0 ui11

provide the user with adequate results. Examplos of output from MAXII are

included for each of the sample problems In Section 3.4.

3.4
.

Five sample probl€ms are presented and discussed to assist the user in

various types of executions. An attempt has been made to cover a typical

range of scenarios for which the code package was intended. The complete

sot of tnput and output for each of the scaiplo problems is listed.
-----,_w..
-^.,.

3.4.1 Sample Problem One

^'sr
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The first sample problem Is designed to exercise the external-exposure

sconaI;io. For this sample problem, a licensee is assumed to dispose of

500 m" of radioactive waste in a urial area onsite. The waste is assumed

to contain an average of 0.1 ta/m^ of oOCo buried to a depth of 0.5 m over

a I ha site. The sample problem is to determine the doses to an intruder

10 years after the wastc-s are buried. The solution is found by running the

0!1SITE default external expo^s^re scenario for subsurface waste with default

exposure conditions and the Co waste tnventory. A surnmary of the ONSITE

interactive session used to develop the runstroam for Sample Problem One is

shown in Fi•vure 3.4-1. The output resulting from this sample problem is

shown in Ficure 3.4-2. The maximum annual total-body dose to the intruder

resulting for this sample proble,m is about 0.04 rem/yr. Hand calculations

were performed for this sample probleon. The results.verified the code

operation in calculating radioactive decay, soil concentrations, and total-

body dose for the external-exposure pathaay.

3.4.2 Sample Problem Two

The second sample problem is designed to exercise the external exposure

plus inhalation sceqarfo. For this sample problem, a liponse is assumed

to dispoe of 100 m' of waste onsite containing 0.1 Ct/m" of 9OCo and

0.01 Ci/ of Sr+D. The wastes are assumed to contaminate a 1 ha site.

Default conditions for resuspension are assumed except that the intruder is

assumed to be exposed for 3000 h/yr tnstead of 2000 h/yr. Sample Problem

Two is to determine the doses to the Intruder 10 years after the wastes are

buried. The solution is found by running the ONSITE external exposure plus

inhalation default scenario with the specified conditions and waste inven-

tory. A summar) of the ONSITE interactive session used to develop the

runstream for Sample Problem Two is shown in Figure 3.4-3. The output

resulting for this sample is shown in Figure 3.4-4. The maximum annual

doses resulting for this sample problem are about 16 rom/yr to total body.

22 remlyr to bone, 37 to lung. 16 rem/yr to thyroid, and 16 rem/yr

to GI (LLI).

3.14
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C
SUBROUTINE WATER(IDKWAT,INUC,JTIME,AMK.J)

C
C THIS SUBROUTINE IS USED TO DECAY THE WATER RELEASE SOURCE
C TERM IF NECCESSARY. USED FOR OVERFLOW RELEASE CASES.
C
C Module of MAXI1
C Version of 25-APR-84
C

C
COMMON/DATA1/ELTO(50),AWO(50),IOFNUC(50),NONUC,DK(2,50),
&IFRM(2,50),AL(50),AM(50),SOILCN(50),ICNN,AMI(50),AMJ(50),
&IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,IEXT

C
CHARACTER*6 AWO
DIMENSION AMK(50)

Q?

£^S

G7+

<

.^__^._.r ..
._

C
1 CONTINUE
C IF NOT DECAYING WATER SOURCE, SET FNd(=AMI
C

IST=INUC+1
K=IST+J-1
IF(IDKWAT.NE.O)GO TO 10
DO 100 I=IST,K

100 AMK(I)=AMI(I)
GO TO 90

C
C DECAY ONE MEMBER C}iAINS

C

10 IF(J.GT.1)GO TO 20
AdiK(IST)=AMI(IST)*EXP(-AL(IST)*JTIME)
GO TO 90

C
C CALL CHAIN DECAY ROUTINE
C
20 DO 200 I=IST,K
200 AMI(I)=AMI(I)/AL(I)

CTIME=JTIME
CALL ACRAIN(J,CTIME,DK(1,IST),IFRM(1,IST).AL(IST),AMI(IST),

&AMK(IST))
DO 301) I=IST,K
AMI(I)=AMI(I)*AL(I)

300 AMK(I)=AMK(I)*AL(I)
C
90 RETURN
C-------------------------- --------------------------------------

END
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ffffB#F806fifQf##F8E86#f#s^fFFFBE6?SB#&f#Ff6###ldtr#fFAfffdif0af9fEfdfGflB89d9^

$ gg •osoxesesssmmcsmssss

f ONSITE/S^'.AXI f
# sssamess:macroserzase f

D f
F This interactive program will assist you in the creation f

f of scenarios for assessment of onsito disposal of 5ow- F

f level waste. Doses to man through the specified pathways #
^f will be simulated by the computer program MAXI.

f #
if The following notes may be of interust:

f When you have finished readir,g, press <return> <cr> ^

f
ff€ff#Ffffdf#f#Ffff##ff#ffff##ffff##ffffff#ffOfffffffft'#ffffflff#ffFffffffff

ff#ffffffff6ffffAfffffff#d'ffffffff#ffffffff#ffffff#ff#fffdffffffffFfffffff#f

f f
# 1) If the default condition is selected, you need only f

f press <return>. YES-or-NO questions are designated by f

f (Y/N) and should be answered with a Y or N. The default f

f condition is always listed first. f

f f
f 2) The values you enter will be tested against reasonable f

f limits and if they arq•,.not accepted you will be asked to f

f supply anothcr value. f

f #
if When you have finished reading, press <return> <cr> f
# f

f f
fFfffFfFftfff4ffFFFffffFFffffffffF#fFFfffFf#ff#fEfffFfffffffFfff#Fftffffffff

FffffffFfffffFfff#FffffB`ffffffF#fffffffff##ffff#fff#rffff#f#f#fffffffFff#ffF
f f
f The following scenarios have been defined: f

f f
F 1- External exposure f
f 2 - Exterr.al exposure plus inhalation from resuspension f

f 3 - Agricultural activities f

f 4 - Use of well water for irrigation and drinking water f

f 5 - User-created scenario f

f f
f f
I To select a scenario or for additional information f

f on a scenario enter 1. 2, 3, 4. or 5: 1 <cr> f

f f
ffff#fff#ffff#fFf#ft'fffffff#f##ff#ff#ffffffPf#fff#ffffFfff##F#fff#ffff#ffa`#F

Figure 3.4-1. Sample Problom On3 Interactive Session
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6PP'ENDIX 1.A COtFtJTER CODE LISTIMi - M,NQl
a

• CALL ACHAIN(J,AITIME,DK(1,IST),IFRM(1,IST),AL(IST),SOILCN(IST),
.SOILCN(IST))
DO 200 I=IST,K
SOILCN(I)=SOILCN(I)*AL(I)

200 CONTINUE
IF(JTIME.LT.IT1) GO TO 170

C
IF(IEXT.NE.1) GO TO 170

C
C THIS SEGMENT SETS AMT, AMOUNT OF DEEPLY BURIED WASTE
C

DO 300 I=IST,K
AM(I)=AM(;);AL(I)

300 CONTINUE
ATIM=JTIME
CALL ACHAIN(J,ATIM,DK(1,IST),IFRM(1,IST),AL(IST),AM(IST),AMT(IST)

,p )
DO 310 I=IST,K

qT AM(I)=AM(I)*AL(I)
AMT(I)=AMT(I)*AL(I)

- 310 CONTINUE
170 CONTINUE

-- C
RE'TURN

El^s C

c'•-------------------------------------------------------------------"
iC? C

END

N

^

/
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t^ (

: ' Bd#dBBBd^'BddB{rfBBld{AABdBdBBOBtdBJdBBBOdBBBBdBBt{BdBBdBEBBBBd#BBBBdd{{ddBFBd
d {

! { • {
B SCENARIO It External Exposure {

{ { #
_( P This scenario can be used alone or as part of Scenarios 2 #

and 3. Occupational conditions of 2000 h/yr of external {
B exposure are assumed. Waste may he located on the surface if

i 0 buried at 0.5 m, buried at 1.0 m, or stored. if3

# Scenario 1 is now selected. Do you wish to change {
if this selection ( WY): <cr> {

_ # F
. ff##f##B###F{f#F#st^###Ftfff/Fff##F#####ff#####{f#f#f######ffAM###ff###fffF#F

{f{{F{Bff{F##f{{ft##{F{fF{{#{#{{{##{fB{{{f{#f{{{{{{{{{#F{€:ff{F#fF{{#{{P{{{{
f^ { IF

{ f
f f
{ #
# Enter a descriptive title to identify this case: At
# {
B SJMPLE PROBLERf ONE if

{ #
# #_

^,y { {
# if
{ F

{ fFfffffffff8{IJFfJJJfJFfFJFFFfFFJfffFF#f#fJJffFJFfdJJF#fFJFfF#dFffffff#Jf FAJ

^ {B{{#{{{{{###f#{#d#{#{##{{#{#########B{{#P{F{#{#{##{{{#{{{#{#{###J#{#{{6# {{f
' # #

if This scenario begins 1 years aft3r the waste is {
.. B disposed. {

if --------------------------- --------------------------_--__--_____
B Do you wish to change this value (WY)? Y<cr> {

^^ # B
B Enter new value: 10 <cr> {

ir^ { #
{ # B

# This scenario will end 59 years after the waste is if
if disposed. OK? (Y/N) <cr> if
# #

4ti_ {F##{B{{{F###{f{{{#{#{#{#{fF##{df{##{#Ff{###{######ff##€#f#{f#f#B#{#F#{C{ {{#

. ^.

Figure 3.4-1. Sample Problem One Interactive Session (Continued)
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APPEESMIX I.R COMP4ITEE2 t'6FDfc LISTIR«a - t3AXI1

C-----------°•°----------r.----_-_----_w_ro__ w-------_-__--
C

SUBROUTINE SOLGUN ( ITIM2.IC14,INUC,AITIt4E,J,AO,JTIW.,A'4T,ITI,
AFX,Ab`.k4, RPFl)

C
C TNIS SUDROUTINE IS USED TO CALCULATE THE SOIL CONCENTRATTro( OF
C EOTH THE DECAYING SURFACE C(kITAMINATIGN AND DEPOSITEU
C CONTAMINATION F'RCtd IRRIGATION
C
C Module of MAX11
C Yars(on of 25-APR-PA RAP
C
C---"-----.._'-------'--^'--^--_
C

CO'r.CAON/DATA1/ELTO(50),AHO(50).IOFNUC(50),NO.NUC,OK(2,50),
. IF2M(2,50).AL(SG),AR(50),SOILCN(50).ICt414.Al4I(50),AW6J(50).
.IFOD.IARG.IkAT,RIRR.RPF.kMLF.DILF.IMD,DEN,IEXT

in
CHARACTER*6 Ah'0

C
^y .. DIMENSION fN4(50)

DIMENSION AO(50),A'1!K(50),AMT(50)
T C

IST=INUC+1
^ IF(J.EQ.1) GO TO 150

GO TO 160
qp C

C DECAY ONE MEi$3ER QiAINS AND IXIRRECT FOR IRRIGATION BUILDUP AND
L,rT C IPLG4d FACTOR', THE F(llLT!t'LICATIYE RATIO BETWEEN

C BURIED AND SURFACE WASTE
I' C

150 AO(IST)sA0(IST)+At-!((IST)•RIRR°IMZ+AR7((IST)03.15E4

N AO(IST)RAO(IST)'EXP(-A;.(IST))
50ILCN(IST)=AP.(IST)«RPF1«EXP(-AL(IST)rJTI!^c)+AO(IST)

- IF(IEXT.NE.1) GO TO 170
C

ty C SETS AMT IF ON
IF(JTIle.GE.IT1) A%fT(IST)=Aid(IST)*EXP(-AL(IST)*JTIt4Ei

[i. C-0 TO 170
160 CONTINUE

K-IST+IOFNLC(ICtc)-1
C
C CALL CHAIN DECAY
C

D0 100 I=IST,K
IF(ITIM2.EQ.1)

, - .SOILCtd(I)=(A4(I)•RPF1)/AL(I)^
IF(ITIM2.6T.1)

/ SOILCN(1)=(SOILCN(I)+AMK(I)"RIRR*IN:0+3.15t`4+A"4!(I))/AL(I)
100 CONTINOE

. .
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^^ ' ^ SSOSOSS$OSO$$0$OSSS008$Ov8$0$SSO#8$SF000$009800f0$S$00088$00$OS$PO$$$$S$GSO$
. S S

Sif Three types of printer reports are available:
^ $ $

if 0- Tables of maximum annual dose per organ with radionuclide and S
S pathway contribution S
S 1- Table above plus annual doses by organ and total S
1 2- Table above plus annual doses by organ. pathway & radionuclide $

-" S $
if The current seiection is: 0 S
$ if

S ------------ ------------------------------------------------------ $
$ Do ycu wish to change this value (WY)? <cr> $
$ $
S$Si$$S$$$$$$$$GSF$S#$$$3$$$S$SS$$$$$$$$G!$9$$$$$$S$$SSiB$$S$$S$$$$$M$$S$$$$

$$$$$S$$S$S$$$$$SS$3`S$$$3^$t$$SS$$$S$S$$SC$0$$$S$S$S$$$$$$f$SS$4'$$$;$$S$$$$$$
I S
$ in this scenario, wastes may be: S
$ $

t ^/ $ 1 -On surface if
2 -Buried at 0.5 m $

S 3-Buried at 1.0 m $
$ 4 -Stored waste $^-

, $ $
S The current selection is: 2 S^
S $
$ -----------------------------°------------------------- ------------- $
$ Do you wish to change this value (N/Y)Y <cr> $

7r $$
$$$$$$$$$$$$$a$$^^$e$$$$r$a$$$$$$$$$$$$$$s$$$$$g$$$$$$$$$$$$$^ra^$$$$$$$$$$t

$$$$$$$$$$$$$$e$$$$$$$$$$$$$$$r$$f'$S$$$$$$$$$$$^$$a$$xs$$$$$$$$$$$$$$$$$$$$$
$ $- $ $

C4 $ $
$ c=e..sssss=escsseacasxenxsvcaeeesse^r.coo_a_c= $

^ $ $

I Do you wish to modify any parart,ater values for if
$ Scenario 1 (N/Y) 1 <cr>

$ if
if if
$ S

^, S $
$$S$$$$$SSSS$$$$$S$$86$$$S$SSSS$$S$S$S$$$$6$,fSSE$$$:$S$$$SFSF$$$$88958$eiY$$

FigLre 3.4-1. Sample Problcxn One Interactive Session (Continued)
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1t1^

t^A

N

t7^

^

I

^'-
_ _ --'--^-._.--• •-

.

AP"::edl3Ix 1.A CQMPfl1iER CODE IISTIPd6 - Kpx11

15 CONTINUE
C
C SET NUtBER OF NUCLIDES IN REDUCED CHAIN
C

IOFNUC(ICHN)=NCN-I
C
C PRINT 8872,IOFNUC(ICHN),IC3qN,NCN,I
C8872 FORMAT(" AT 15 IN SEIUAT (IOFNUC,IOiN,liCN,I): ",414)
C
C

20 CONTINUE
C

NONUG=INUC
C

RETURN
C
C

97 WRITE(6,98)INUC
98 FORMAT(1H1,' DIAGNOSTIC 13:TOO MANY NUCLIDES ATTEMPTED IN SUBROUTI

.NE SETDAT. INUC-',15)
STOP

C
C------------------------------------- ----------------------------------
C

END

1.A-48
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ttQttttttttFtttttQtrttt6tt8§ttttttttdt&FtIIFtt90ttlttttFttQFtFQt6tttF.Ftttttatt
t t
t The size of the site in terms of fractional hectares if
t (te., 10000 sq m), is 1.00 t
t ------------- ..----- '---------------------------------------"-------'--
t Do you wish to change this value (N/Y)? <cr> t
F e
t t

'. t The inventory will automatically be adjusted by the #
# appropriate area correction factor for each exposure if
if pathway based on a site size of 1.00 hectares. if
if t
F

if Do you wish to review or change the above parameters (N/Y) <cr> if
r7####F$tt#fl##^t91`#'e##fi#'##$##BF#F####t##k#^##^###^##n?#td`###,4t^6'd######/#FF##

on t #
# The surface/buried inventory may be entered as:
# ^
# 1 - pCi #

0^ # 2-uCi F
k 3-mCi t

., t 4 - Ci ,y
t F

M if The currect selection is: 1 if
if ------------------------------`-----------------"------------ #------'-
F Do you wish to change this value (W Y)? Y<cr> if
F Enter new value: 4<cr> P
if if
f#8#####9######E############################,Y#####J####g##A##,e### #/###,f6####

N
B:^tttt#ttttt####tQttFtF##tFt^'tttt#ttttttttttttFttA'#FttF;##tttFttFttttt#tFXFtQ

-^ t t
# The contamination deposited on the site at start of if

iV if calculation may be entered in the following units: if
if #

C7% t 0 - Ci /square meter t
if 1- Ci /cubic meter F
t 2 - Ci /Kg of soil t
t F
# The current selection is: 1 t

--'----------------------------------------------------------- --°----- if
# Do you wish to change this value (N/Y)? <cr> F
# if
#d##tt#,6#,f##9t#EFt?'t ^'A#t#tt##AFfidF^'AL`F#tb'Ar?Ctt#Fptt##tPS`9t 4b`#9Fd##Ot##Ftt##F

Figure 3.4-1. Sample Problem One Interactive Session (Continued)
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APPENDIX 1.A CCMPUTER CODE LISTIPd6 - EiA)(Il

^ C DEBUG PRINT STATEMENT--
'- C PRINT 8888, INUC, ELT(IL), AW(IL)

C 8888 FOFAtAT 0 INUC: 1.I5,1X,A2,A6)
C

ELTO(INUC)=ELT(IL)
AWO( INUC)=A'R( IU

C
C ORGAN SOLUBILITY DATA--

DO 250 JORG=I,NORG
250 NTR(JORG,INUC)=NSOLD(JORG,NFIL)

c
IRAP=O
E=ELTO(INUC)
A=AWO(INUC)

C
C LEAF AND SOIL MECHANISM DATA

IF ( IFOD EQ. 0) GO TO 30
IRAP = 1
CALL DFREAD(IRAP,E,A,NORG,KORG,INUC)

30 CONTINUE
C
C AQUATIC FOOD DATA

-^ IF (IARG EQ. 0) GO TO 40
IRAP= 2

tn CALL DFREAD(IRAP,E,A,NORG,KORG,INUC)
40 CONTINUE

i!? C
C DRINKING WATER DATA

IF ( IWAT EQ. 0) GO iu ....
IRAP= 3

04 CALL DFREAO(IRAP,E,A,NORG,KORG,INUC)
50 CONTINUE

C

C SURFACE EXTERNAL DATA^
IF (ISUR EQ. 0) GO TO 60

IRAP = 4
CALL DFREAD(IRAP,E,A,NORG,KORG,INUC)

60 CONTINUE
C
C BURIED/STORED DATA

IF (IEXT EQ. 0) GO TO 70
IRAP = 5
CALL DFREAD(IRAP,E,A,NORG,KORG,INUC)

70 CONTINUE
C

GO TO 15
C
C INCREMENT INDEX TO SKIP UNUSED CHAIN MEMBERS

14 I=IMEM(IL)

- ^ - 1.A-47
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ll#Illlllllllllllllll#Illllll^llltlllllllllllllllllllllllllflllllllllllllllll
I I
I t
I The surface/buried inventory dilution factor is: 0.20 I
t (range = 0.0 to 1.0E+20) I

---------------------------------------------------------------..----
I Do you wish to change this value (h/Y)2 <cr> - I
t I
I #

I t
I Do you wish to review or change any of the above parameters (N/Y) <cr> I
# t
Ill#$#lll###IIIIIIIIIIIE###P.#CI##lll#IIIP.I#Illl#I#II##l#t#Ir`:##t######ll##Ill

Q9'+

^T

O'

F!')

T'r

CM

Illl#u#Ill#lll##Ill:,f#I#C#BILMIIIM###ll#lll###II#II#^'##II#Idllllll##t#t#l#I#
# #
I The following questions pertain to the radionuclide if
I inventory. After inputting the inventory, enter #
# "99" for element name to signal to the program that #
# you are finished. #
I #
t I

#
# #
# Press <return> when you have finished reading: <er> t
# #
# #
I t
#Illlllll##ll###t#Ib###I####II####l!##II##II#ll#Ik#t#####t###I###t###Illllll

##8##8#l^##SBI##Ilb#,'###llllll#IF####lll#####lll#######t###P#######Illl#l#1'#
# g•
I Enter new 2-character element (99=finished): CO <cr> if
t #
# Atomic number input can be up to 6 characters long. if
ff Include metastab'e (M) and daughter (+D) designation,(i.e.. TE127M+D) #
I #
I Enter atomic number: 60 <cr> I
# I
if Enter the quantity of C060 buried at the site at start of I
I calculation (units: Ci /cubic meter .1 <cr> I
t I
i' -----------------------------=--=------°°__________________=_________-------------------------- #
# Enter new 2-character element (99=finished): 99 <cr> I
I #
####lll###P,fl##ll###Illh####II##II#^Y#II##lll#####I######t##I#I#t######Illll#

Figure 3.4-1. Sample Problem One Interactive Session (Continued)
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APITrcE'^IX 1.A CtA'PUIER COi)E LISTING - MAXII

C LOOP ON ALL CHAINS FROM MASTER LIBRARY
C

DO 20 Iti,ivctl
C

C IF THIS CHAIN IS NOT USED, THEN SKIP TO 20
C

IF(NFLAGC(IC).NE.1)G0 TO 20
C

IC.`iN=ICHN+1
NCN=NOFNUC(IC)
N1=NQiST(IC)
N2=NI+NCN-1
IONE=O
1=0

C"q

C
C LOOP ON ALL NUCLIDES IN ACTIVE CHAIN
C

DO 15 IL=N1,N2
^ C

C CAPTURE ALL DAUGHTERS

^
C

IF(IONE.EQ.1)GO TO 10
C
C IF THIS NUCLIDE AT THE FRONT OF THE CHAIN IS NOT SPECIFIED, SKIP.

C

IF(NFLAG(IU .EQ.O)G0 TO 14
IONE=I

C
C^d C SET ALL DATA FOR THIS NUCLIDE FROM INPUT AND EXTERNAL FILES

C
-- - 10 INUC=INUC+1

IF(INUC.GT.50)GO TO 97
LV C

C RADIOLOGICAL DATA
Q` C

IFRM(1,INUC)=MAX(O,IFR(1,IL)-I)
IFRM(2,INUC)=MAX(O,IFR(2,IU -I)
DK(1,INUC)=DKF(1,IL)
DK(2,INUC)=DKF(2,IL)

• AL(INUC)=0.693/TR(IL)*365.25
IF(NFLAG(IL).EQ.O)GO TO 16
NFIL=NFLAG(IL)
AM(INUC)=Q(NFIL)*RIM
QAPR(INUC)=Q(NFIL)
AMI(INUC)=QI(NFIL)
AM7(INUC)=0J(NFIL)

• AML(INUC)=QK(NFIU
16 CONTINUE

^ l.A-46
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8d#^####B8A',f#BBdB#,Bt#'8##OC##8#d#####d###i#Pd,9#,4####i^,4##^'N##A#f#pCAC6#,98##k###
, i9 #

d Surface/Buried Drinking i
if Ci Irrigation Water #
if Radionuclide /cubic meter Ci /1 Ci /1 k
# ------------ ---------- ---------- ---------- if
if C060 0.10 0.00E+00 O.00E+00 if
# #

# Do you wish to review or change the above parameters (N/Y)? <cr> #
Do you wish to add radionuclides to the above inventory? <cr>

###A'################################################ll##################A,°###

(The above interactive session generates the following file.)

C?

L(')

0

^

C14

CM

as

r

•b

^

/

account-name,STMFZ,CM160000,EC400,T177.
ACCOUNT,account-name,problem-number,problem-number.
ATTACH,TAPE20,FILE20,ID=7.ZRNRC.
ATTACH,TAPE21,FILE21,ID=ZZRNRC.
ATTACH,TAP[24,FILE24,ID=ZZRNRC.
ATTACH,TAPE25,FILE25,ID=ZZRNRC.
ATTACH,TAPE22,PLANSOURC,ID=ZZRNRC.
ATTACH,TAPE27,BURIEDHF,;D=ZZRNRC,
ATTACH,TAPE10,RMDLIB,ID=ZZRNRC.
ATTACH,TAPE23,FILE23,ID=ZZRNRC.
ATTACH,ABS,MAXIIABS,ID=ZZRNRC.
COPY,ABS,LGO.
RETURN,ABS.
MAP,OFF.
LDSET,PRESET=ZERO.

LGO.
(eor )
SAMPLE PROBLEM ONE
8INPUT NEXT=1,

IFOD=O,IARG=0,.I19AT=0,IEXT=1,
ISUR=O. IAIR=O,
RPF1= 0. , RPF2= 1.00
RINH= 0.000000, DILF= 1.00 , XF2= .200E+04,
M3M2n 1, INTRUD=O, I22=0,
IT1= 10, IT2= 59, NORG= 1, KORG(1)= 1,
SRDIL= .200 , FRSIZ= 1.00 , AREAIN= 1.00
AREAEX= 1.00 ,
IOUT= 0, ION=1, bEND
1 0

0060 11311 1.OOE+11 0. 0. 0.
{eor 1
{eof I

Figure 3.4-1. Sample Problem One Interactive Session (Continued)
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APPEWIX I.A t0(I"RER tJODE LISTING - tJSXI1
r

^ (P-----..--..w--..a--..----..--..-....r--....-----------......-..--r

C
SU°FCfJTIt:E SEs^uAT (ELTI,PS(I,NFLAG.NFLA^'uC,Q,

KOR.r„ NORG, NSOLD,ttTR, QI, QJ, RItt.
• QAPR.ISLIR)

C
C Thtx suhrouttr.g stores decay and dose factor data for each
C radionuclide in the (nrentory.
C
C €.tos€ute of N.AXII
C Version of I1-€aAY-84 RAP

/

QCJ

L!7

C%j

tN

[S1.

^ : .

r

CC - ....-_-_--, _ -. .. ______------------ ---------------------__w

COVbDN/TNIRDS/OK(50),W-(50).XQSITE,IAIR,ID'ecAIR,IBLOW
C

COtACN/RL IIi/ELT(300) .PW( 300) , TR(3Q0) ,NUi;, NUi, tICHN(300) ,NOFNUC(200)
..NCHST(200),IFR(2.3(j0),CKF(2,300),IREi4(300)

C
MMON/DATAIIELTQ(50),AWO(50),IOFNUC(SO),NL,"IUC,DK(2,50),
.1FRM(2,50),AL(50),A.w(SO),SOILCh(SO),ICStP:,AMI(50),AFU(50),
.IFQD,IARG,IWAT,RIRR.RPF,XMLF,DILF,IMO,DEN,IEXT

C
CC+UdON/DATA2/DFL'AS(--0,50.5>.AIDQS(50,5o,5).INDOS(50,50,5),
.DEXT(S0),AfaiF(50,50,5).ARDk'(50,50,5),DEDXT(50)

C
DIMENSION ELTI(50),AWI(50),NFLAG(300),NFLACC(200),Q(50)
DIKESt5I0N QI(50),oJ(50).'.IAPR(50)
OIKENSION KOFG(5), NSCL'J(5,50), NTR(5,50)

C
CtIARA„^TERtb AW,AWLS,ANX,Ail1,AW0,AWAY/,AWW,AWDX.A
REAL INDOS

C
INUL-O
ICHNm0

C
CALL ZEROR(50.ELT0)

C LALL ZEROR(5u,AWJ)
C

DQ 8881 IRAP = 1,50
AWO(IRAP)

8881 CONTINUE
C

CALL ZEROI(50,IOFNUC)
CALL ZEROR(50,AL)
CALL ZEROR(50.FF!)
-CALL ZER07(250,NTR)

C
C

1.A-45
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MAXI - Kaximum Annual Dose Calculation Version VAX2.2 25-APR-84
Executed on 3-MAY-84 at 07:38:10

Case title: SAMPLE PROBLEM ONE

RADIONUCLIDE CHAIN LIBRARY USED: RADIONUCLIDE MASTER DATA LIBRARY 1w TRANSLOCATIQV CLASSES, 6-APR-84 RAP
DOSE FACTOR FILES USED FOR THIS CASE:

"27 ISOSHLD EXTERNAL; ONSITE/BIOPORT EXTERNAL DRfS (BURIED AT 0.5 M) 9-tii4

DOSES CALCULATED FROM 10 TO 59 YEARS FCLLOdING TIME ZERO

PATHWAYS INITIALIZED FOR COSE CALCULATIONS: SPECIAL PARAM1ETERS INITIALIZED:
FARM PRODUCT INGESTION: OFF
INHALATION OF RESUSPENDED MATERIPL:OFF
AQUATIC FOODS INGESTION: OFF INVENTORY DILUTION FACTOR: 2.00E-01
DRINKING WATER InGESTION: OFF DECAY OF RIVER RELEASE SOURCE TERM NOT PERFORMED
CONTINUING AT'dOSPHERIC DEPOSITION OFF DECAY OF AIR RELEASE SOURCE TERM NOT PERFORXED
EXTERNAL FROM BURIED WASTES ON SITE X/Q: O.ODE+OG
EXTERNAL FROM SURFACE DEPOSITS: OFF SPECIAL INHALATION MODEL NOT USED

SIZE OF THE SITE: 1.00000 FRACTIONAL HECTARES
INTERNAL PATHWAY AREA CORRECTION FACTOR: 1.00E+00
EXTERNAI PATHhAY AREA CORRECTION FACTOR: 1.ODE+00

FARM PRDDUCT PARAbIETERS USED:
FRACTION OF ROOTS IN UPPER SOIL: 0.10E+01 IRRIGATION RATE: O.OOE+OOL/M+"2+M0
FRACTION OF ROOTS IN BURIED WASTE O.OOErO0 MONTHS PER YEAR IRRIGATED: 6
FRACTION OF TCTAL DIET GRGAN ON SITE: 1.00E+00 RIVER DILUTION FACTOR: 1.00E+OOYR1L

YEARS OF IRRIGATION WITH CUNTAHINATED WATER PRIOR TO
THE DOSE CALCxJLATIONS: 0

EXTERNAL EXPCSURE PARAMETERS USED:
RATIO

0'
EXTERNAL CONTAMINATION IN SURFACE SOIL TO SUBSURFACE SOIL O.00E+00

NUYBER C^ HCAIRS OF EXPOSURE TO EXTERNAL CJNTAHI NATION 2.ODE+03
SURFACE 1EPOSITS DRFS FROM ISOSHLD; MODIFICATION FACTOR: 5.844E-11

ORGANS FOR WHICH DOSES ARE CALCULATED (SAME ORDER AS SOLL9 ILITIES GIVEN BELOW):

TOTAL BODY

INPUT PREPARED BY..
=s=

DATE ^
'

INPUT C?iFCKED BY = (v ^^^L DATEz.F$ /6Y
6

Figure 3.4-2. Sample Problem One Output
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A€PFI^°iIX I.ft 00MnER ( O[JE LISTYNn - bI.'.XII

/

^

4^(

Cal

^

*

1` C

4 ^.

IttO•)
Nit( ST( P4CN ) aHuC
GO TO 4

C
C DAUQiT£R NtltL ILE S
C TEST Cf4S`cR
C
C

3 TFtib(-Iki}.A^,1} GO TO 97
i^ril>d
Ki}€NtFC^ F:.•^t),+F^NUCt!K34)+1
IFR(i.tdUM•ITt1J
IfR(2,NUC)*lT(2)
OKF(I.r+d.K;)RFR(1)
qkF(2,rYUC)5FR(2)

c
C SET DATA fOR Cl:MliT Pa4Ja~.r.IL's.
C

4 ELT(N4}C)mE
AW(kUC)*A
TR(NUC)- T
IWF((NUC)$Ik
N04n t NUC )+€t4H
NUCei:i)crI

CO TO 1

C
C PRINT ERROR WSSa.;ES A.'iD STL'°P
c

97 PRINT 500. €l04.10
500 FJRMAT(iNI.' DIA6.ftOSTIC S: DECAY Ct:AIt4'.I4.' HAS IWRC.FER ORCER. C

.URRENT NEbiiER I'+D£% iS',I4)
S TOP

98 MItrT 300, We
300 F0+7trT(Iwl.' OSAGYSIISTIC 6: IJ•'I%RCg'ER d'l1WER CF N(CI.IDES IK MASTER L

.I9RA;tY. KtC=9.IE3)
STO€'

99 FRI)iT <00
400 F0Rta4AT(1Ie1,' DIAGaOSTIC 7: Et:+J OF F;LE 0% MASTER LIBRARY UNIT 10')

STOP
C
C INPUT DATA F0fMATS
C

100 FOWATtA2,A6.E10.2.I2.2(I2,F7.4)}
200 FO(XAT(20A4)

C
C

END

I.A-44

. %\° i^



RELEASE TERMS
NUCLIDE

CO 60

^I 2 1 2 4 a8 ! 0 S 2

SOIL S:X7RCE IRRIGATA.TION/AQUATIC DRINKING WATER ATM. RELEASE
ORGAN SOLIBILITY CLASSES (PCI!M^-3) (PCI/L ) (PCI/L) (CI/YR)

1 0 0 0 0 2.00E+10 O.00E+00 0.00E+00 0.00E+00

•^^w;..RF*"".... 100PLEASE NOTE ANY SPECIAL CONSIDERATIOt1S IN THIS SPACEn..
• ^
• y

SOIL.AIR: AND WATER CONCENTRATION SUFT!ARY FOR THE YEAR 10

RADIONUCLIDE SURFACE SOIL DEEP SOIL AIR IRRIGATION DRINKING WATER
PCI/MZ PCI!M3 PCI/M3 PCI/L PCI/L

CO 60 O.OOE+CO 5.35E+09 0.00E+00 O.00E+00 O.00E+00

I

SOIL,AIR, AND WATER CONCENTHATION SUMNARY FOR TNE YEAR 59

RADIONUCLIDE SURFACE SOIL DEEP SOIL AIR IRRIGATION DRINKING WATER
W PCI/M2 PCI/M3 ijCI/M3 PCI/L PCI/L
N

00 60 O.OOE+00 8.38E+06 0.00E+00 O.OOE+00 O.COE+00

SPMPLE PROBLEM ONE

MAXI, Version VAX2.2 25-APR-84 executed on 3-MAY-84 at 07:38:10

MAXIMUM ANNUAL D05E SUiMARY FOR THE YEAR 10 FORTOTAL BODY

EXPOSURE PATNWAY
INGESTION INHALATION EXTERNAL AQUATIC FOOD

RADIONUCLIDE

------------

REM

------------

S REM F

---- ----------------

REM

-----------

&

-----

REM S

----------------

C060

--------------

O.OOE+00

----------

0 O.00E+00 0 3.96E-02 100 0.00E+00 0

TOTALS
---

INGESTION
----------------------------

% INHALATION f
-----------
EXTERNAL

-------
%

------------------
AQUATIC FOOD &

0.00E+00 0 0.OOE+00 0 3.96E-02 100 O.OOF+00 0

DRINKING WATER
REM R

---------------

O.00E+00 G

----------------
CRINKIAG WATER f TOTAL

O.OOE+00 0 3.96E-02

Figure 3.4-2. Sample Problem One Output (Continued)
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fu'PE.NIDIX 1.A C0MP41TER CO®E LISTING - MAXIl

L7^

^

L^4

'Ir

N

N

Cr

<

.

C

C
C
C
C
C
C
C
C
C

SUBROUTINE RLIBIN(TITLR)

THIS SUBROUTINE READS A MASTER NUCLIDE DATA LIBRARY WITH CHAIN
DECAY DATA.

Module of MAXI1
Verstor of 25-APR-84

COM(M N/RLIB/ELT(300),AW(300),TR(300),NUC,NCN,NCHN(300),NOFNUC(200)
.,NCHST(200),IFR(2,300),DKF(2,300),I(•tEM(300)
DIMENSION TITLR(20),IT(2),FR(2)

C
CHARACTER AW#6,A*6

C
C INITIALIZE INDICES
C

IM0=0
NCrl=O
NUC=1

C
C READ TITLE CARD
C

READ(1U,200,END=99) TITLR
C
C READ AND COUNT NUCLIDE ID AND DECAY DATA.
C

1 READ(10,100,END=99) E,A,T,IM,IT(1),FR(1),IT(2),FR(2)
C
C TEST FOR END OF LIBRARY
C

IF(IM.GT.0) GO TO 2
NUC=NUC-1
IF(NUC.GT.300) GO TO 98
IF(NUL.LT.1) GO TO 98

C
RElURN

C
C TEST FOR NEW CHAIN, IM = 1
C

2 IF(IM.GT.1) GO TO 3
C
C FIRST MEFBER, NEW CHAIN
C

NCH=NCH+1
NOFNUC(NCH)=1
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Y#A#Y#YYYFYYYAYAAFYYIIYY##YYY##Y#YYYF#Y#YFYY#YYYYY#AAYYYY^7YYFY####YAAAYYYYFYY
# Y
Y ccac=va=e===s==aa== Y

Y ONSITE/P9AXI Y
if °____=====a=====a== Y
# Y
# This interactive program will assist you in the creation Y
# of scenarios for assessment of onsite disposal of iow- Y
# level waste. Doses to man through the specified pathways if
# will be simulated by the computer program MAXI. if
# #
if The following notes may be of interest: #
# When you have finished reading, press <return> <cr> if
# #
###########YY##########F##############################Y#YY#########Y######Y#

#################r####################Y################Y####Y###########Y###
# #
# 1) If the default condition is selected, you need only #
# press <returrv. YES-or-NO questions are designated by #
# (Y/N) and should be answered with a Y or N. The default #
# condition is always listed first. #
# #
# 2) The values you enter will be tested against reasonable #
if limits and if tney are not accepted you will be asked to #
if supply another value. #
# #
# When you have finished reading, press <return> <cr> #
# #
# #
##############Y############Y###########Y#################Y##################

C14
###############&##############Y#############Y######Y#####YYYYY##########Y#Y#
# #
# The following scenarios have been defined: #
# #

N
# 1 - External exposure #
if 2 - External exposure plus inhalation from resuspension #
# 3 - Agricultural activities #
if 4 - Use of well water for irrigation and d.-inking water #
# 5 - User-created scenario #
# #
# #
# To select a scenario or for additional information if
if on a scenario enter 1, 2, 3, 4, or 5: 2<cr> #
# #
################################################1/####################,5# #####

Figure 3.4-3. Sample Problem Two Interactive Session
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APP€tdDIX 1.A (%WWUTEEt (XkZE LISTIPeu - PdAXI1

C
SUBROUTINE RDSUB (Q, QI, QJ, NFLAG, QAPR, RIM)

C
C THIS ROUTINE INITIALIZES SUBSEQUENT INVENTORIES GENERATED BY THE
C BICPORT COMPUTER. THE RADIONUCLIDES PJdD THEIR ORDER M0.1ST BE
C THE SAME AS INPUT FOR THE FIRST EXECUTION. IT IS ALSO NECESSARY THAT
C RADIONUCLIDES BE ARRANGED IN CiAINS AS THEY APPEAR IN RMDLIB.
C THIS IS TRANSPARENT TO THE BIOPORT USER, BUT MUST BE CAREFULLY
C CONSIDERED IF THIS ROUTINE IS ADAPTED TO OTHER USES. USER BEWAREI
C
C THIS ROUTINE ELIMINATES REREADING CF THE DOSE FACTOR LIBRARIES
C TO REDUCE EXECUTION TIME.
C
C Module of MAXII
C Version of 25-APR-84 RAP
C
C-----------------------------------------------------------------------°-'
C

COMMON /DATA)/ ELTO(50),AWO(50),IOFNUC(5C),NONUC,DR(2,50),
. IFRM(2,50),AL(50),AM(50),SOILCN(50),ICHN,AMI(50),Ib'MJ(50),
. IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF „tAO,DEN,IEXT

C
DIMENSION Q(50), QAFR(50), QI(50), 0J(50), NFLAG(300)
CHAAACTER*6 AWO

C
CALL ZEROR (50, AM)
CALL ZEROR (50,OAPR)
CALL ZEROR (50,AMI)
CALL ZEROR (50,AMJ)

C
C SET INPUT :NVENTORY INTO CORRESPONDING Cl1AIN POSITION:
C -

D0 100 IL = 1, NL*(UC
C
C IF (NFLAG(IL) GT. 0) THEN

IN = IL
AM(IL) - Q(IN) * RIM
QAPR(IL) = Q(IN)
AMI(IL) = 0I(IN)
AMJ(IL) = 0J(IN)

C ENDIF
C

100 CONTINUE
C

RLTURN
C
C------------------------------------------------------------------------

END

1.A-42
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if #
L+ SCENARIO 2: External Exposura plus Inhalation from Resuspension if
# #
if This scenario assumes surface contamination results over a if

if limited area. The scenario defaults to 2000 h/yr exposure if

if to surface contamination and inhalation. The Anspaugh #

if resuspension model is used. User may define the fraction if

if of soil in the top 15 cm containing buried waste (defaults if
if to 0.2). #

# #
# Scenario 2 is now selected. Do you wish to change if
# this selection (N/Y): <cr> if
# #
####k############################################################V##########

############################################################################
# #

# #

# #
if Enter a.oescriptive title to identify this case: #

0 if if
# SAMu'LE PROBLEM TWO <cr> #

QD # #
# if
# #
############################################################################

############################################################################
# #
# This scenario begins 1 years after the waste is if

if disposed. if

^ # -------------------------`--------------------`--------------------- -- #

if Do you wish to change this value (N/Y)? Y<cr> if
p^ if Enter new value: 10 <cr> #

# #
# #
if This scenario will end 59 years after the waste is if

if disposed. OK? (Y/N) <cr> if

# #
# #
# #
###########################################if################################

Figure 3.4-3. Sample Problem Two Interactive Session (Continued)
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APPENDIX 1.A tMfU1Tc@i CODE IISTIN%'i - 629)(Il

IBX=IBOX-2
TF(IBX.GT.20)IBX=20
DO 16 I=1,IBX
WRITE(6,15)

15 FORMAT(20X,1*',90,t,'*')
16 CONTINUE

WRITE(6,17)
17 FORMAT(20X,92(1*1))

C
201 CONTINUE
20 RETURN

C

END

1.A-41
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#+^J####2#d#######+ff£!############II################$###r##########b€^############
+ # #

# Three types of printer reports are available: #

# #
# 0- Tables of maximum annual dose per organ with radionuclide and if

# pathway contribution #

# 1- Table above plus annual doses by organ and total if

# 2- Table above plus annual doses by organ, pathway andradionuclide#

# #
if The current selection is: 0 if

# #
if ---------------------------------------------------------------------- if

# Do you wish to change this value (N/Y)? <cr> if

# #
############################x###############################################

#######################6##############################,######################
# #

in if if

I.h if Do you wish to modify any parameter values for #

# Scenario 2 (N/Y) ? Y <cr> if

O # ## A`

-«. # #

CO # Do you wish to review or change ext. exposure parameters (N/Y) Y<cr> if

# #
i.s^f if #

# #
'^ ############################################################################

^ ############################################################################
# #
if Did you use MAXI2 to generate a special external.exposure #

# dose rate factor file for this scenario? (default=0) if

if if

if 0-no if
ON if 1. - yes #

# #
# #
if ---------------------------------------------------------------------- #
# #
# Do you wish to change this value (N/Y)? <cr> if

# #
# #
#################################I.'##########################################

Figure 3.4-3. Sample Problem Two Interactive Session (Continued)
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- , A'PEfiDIX 1.6c C04PlITER CODE LISTI[e,^, - t4AXI1

WRITE(6,9)(ONAME(I:ORG(I)),I=1,N0RG) !
9 FORMAT(' ',/
.SX,'OFGANS FOR WHICH DOSES ARE CALCULATED (SAME ORDER AS',
.' SCLUBILITIES GIVEN BELOW):',//,lOX,5(10X,A10))

, C
C SIGN-OFF

WRITE(6,10)
10 FORMAT(//,20X,'INPUT PREPARED BY',25X,'DATE',/,37X,25('='),4X,

.10('='),//,20X,'INPUT CHECKED BY',26X,'DATE',/,37X,25('='),4X,

.10('='))
C RELEASES
C

ID = 'YR'
IDL = INT(DILF)
IF (IDL EQ. 1) ID = 'L '

C
FM3M2='M**2)'
IF(M3M2.EQ.1)FM3M2='M*#3)'
IF(M3M2.E(I.2)FM3M2='KG )'

C
200 CONTINUE

C
IF (IBIO GT. 0) THEN
WRITE (6,1011) IBYR

1 011 FORMAT ('1 INVENTORY FOR YEAR ',I5,' OF BIOPORT SIMULATION.')
ELSE
WRITE (6.1012)

.^. 1012 FORMAT ('1')
ENDIF

WRITE(6,11)FM3M2, ID
_ 11 FORMAT(1H ,5X,'RELEASE TERMS ',T56,'SOIL SOURCE',T70,'IRRIGAT',

.'ATION/AQJATIC',T92,'DRINKING WATER',T110,'ATM. RELEASE',/,

.lOX,'NUCLIDE',lOX,'ORGAN SOLUBILITY CLASSES',SX,'(PCI/',AS,lOX,

.'(PCI/',A2,')',9X,'(PCI/L)',10X,'(CI/YR)',/)
^ C

DO 13 I=1,NONUC
WRITE(6,12)ELTO(I),AWO(I),(NTR(J,I),J=1,5),OAPR(I),AMI(I),AMJ(I)
.,AML(I)

12 FORMAT(lOX,A2,1X,A6,8X,5I4,4(8X,1PE10.2E2))
13 CONTINUE

C
C NOTE BOX

IF (NEXT EQ. 5) GOTO 201
IBOX=50-NONUC
IF(IBOX.LT.6:G0 TO 20
WRITE(6,14)

14 Fc1RMAT(/,20X,20('*'),'PLEASE NOTE ANY SPECIAL CONSIDERATIONS IN',
.' THIS SPACE',200#1))



############################################################################
# #
# #
if The number of hours of exposure to external contamination if
if per year is 2.000E+03 (range = 0.0 to 8766.) #
# #
# #
# ----------------------------------------°----------------------------- if
# #
if Do you wish to change this value (N/Y)Y Y<cr> if
# #
if Enter new value: 3000 <cr> if
# #
# #
#########################################################################a##

#######################################################################"".A`##
# #
# #
# #
# #

Ln # #
^ if Do you wish to review or change inhalation parameters (N/Y) Y<cr> if

if if
# #^. # #

00 # #
# #
# #

;g ############################################################################

C4

S11

. p^

`

############################################################################
# #
# #
if The number of hours of inhalation of contamination if
if per year is 2.016E+03 ( range = 0.0 to 8766.) if
# #
# #
if ---------------------------------------------------------------------- if
# #
if Do you wish to change this value (N/Y)Y Y<cr> if
# #
if Enter new value: 3000 <cr> if
# #
# #
######################//##########################H##########################

Figure 3.4-3. Sample Problem Two Interactive Session ( Continued)
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fFt'gPDIX I.A CLM'11TER CODE LISTI46G - htAXII

r WRITE (6,1065) RPF1
1065 FORMAT (15X,'RATIO OF EXTERNAL CONTAMINATION IN SURFACE SOIL

.'TO SUBSURFACE SOIL'. 1PE10.2E2)
C

IF (XF2 GT. 0.0) WRITE (6,1070) XF2
1070 FORMAT (15X,'NUh4jER OF HOURS OF EXPOSURE TO EXTERNAL ',

' CONTAMINATION', 1PE10.2E2)
IF (XF2 EQ. 0.0) WRITE (6,1075) XFACT

1075 FORMAT (15X,'XFACT MODIFICATION: ',1PE10.2E2)
IF (122 EQ. 0) WRITE (6,1080)

1080 FORMAT(15X, 'SURFACE DEPOSITS DRFS FROM ISOSHLD; t
.,tMODIFI(:ATION FACTOR: 5.844E-11')

C
100 CONTINUE

C
C AIR PATH PARAMETERS

In C
IF (FLAG23 EQ. 'OFF') GO TO 101

[e, C
WRITE (6,1090)

1090 FORMAT ('0',4X,'INHALATION PARAMETERS USED:')
C

- RIN = RINH * 8766.
WRITE (6,1095) RINH,RIN

co 1095 FORMAT (15X,'MODIFICATION FACTOR , RINH:', 1PE10,2E2,
./20X,'(EOUIVALENT TO BREATHING RATE OF 230 CC/SEC FOR ',OPF6.0,

).!1 .' HR/YR)')
C

TINHL=tANSPAUGH
IF(AGE.LT.O.9)TINHL='MASS LOADING'

04 WRITE(6,6)TINHL
6 FORMAT(15X,'RESUSPENSION MODEL USED FOR CALCULATING AIR ',- .'CONCENTRATION: ',A12)

C
AVCM = XDPT * 15.0

C^
IF(AGE.GE.0.0)WRI7E(6,7)AGE,AVCM

7 FORMAT(15X,'AVERAGE AGE OF MATERIAL ON GROUND AT TIME ZERO:',
.1PE10.2E2,' YEARS',/,15X,'TOP ',OPF4.1,' CM OF THE ',
.tCONTAMINATED SURFACE LAYER IS AVAILABLE FOR RESUSPENSION.',
1PE10.2E2//)

IF(AGE.LT.0.0)WRITE(6,8)DEN,XMLF
8 FORMAT(15X,'SOIL DENSITY, G/M**3:',1PE10.2E2,/,15X,

'MASS LOADING FACTOR, G/M**30,1PE10.2E2,//)
101 CONTINUE

C
C ORGANS
C

1.A-39
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#^^################^#s##^######^###^i#e#####^e###^^##c############^#####a###
if #
if Two resuspension models are available: #
# #
# 1 - Anspaugh if
# 2 - Mass Loading #
# #
if The selected model is 1 #
# #
# #
# -------------------------°------------------------------------------- if
# #
# Do you wish to change this value (N/Y)2 <cr•> if
# #
############################################################################

##################################################r'I#########9###############
# #
# #

3! # The number of years that contamination existed #
if on the surface at the start of the scenario is #
if 0.000E+00 years. (range = 0.0 to 25.0) if
# #

fl if if
if -----------------------------------------------------'----- ----------- if

' # #
if Do you wish to change this value (N/Y)Y <cr> #^
# #

Lei # #
############################################################################

Ir

N
############################################################################
# #

^ if if
if The top 1.0 cm. of the contaminated surface soil if
# layer is available for resuspension (range = 0.0 to 15.0) if
if #

, ^ # #
# --------------°------------------------------------------------------ #
# #
if Do you wish to change this value (N/Y)Y <cr> #
# #
# #
# #
# #
#################################################################,Y##########

Figure 3.4-3. Sample Problem Two Interactive Session (Continued)
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AAPEfFII'IX 1.A QX7NKlTER CODE LIST[Paa - MAXII

IFfIFOD.NE.O)FLAG20s'ON
IF(RINH.NE.0.0)FLAG23='0N '
IF(IARG.NE.O)FLAG24='ON
IF(IWAT.NE.O)FLAG2E='ON
IF(IEXT.NE.O)FLAG27='0N '
IF(XFACT.NE.0.0)FLAG22='ON '
IF(IAIR.EQ.1)FLAG28='0N
IF(INTRUD.NE.O)FINTRDR'USED '
IF(IDK'n'AT.NE.O',FDK=+PERFORMED '
IF(IUKAIR.EQ.1)FDJs'PERFORMED r

C
WRITE(6,4)FLAG20,FLAG23,FLAG24,SRDI.,FLAG25,FDK,FLAG2B,FDJ,
.FLAG27,Y,QSITE.FLAG22,FINTRD

4 FORMAT(5X,'PATHWAYS INITIALIZED GOR DOSE CALCULATIONS:',T65,

.'SPECIAL PARAtkETERS :NITIALIZED:',/,15X,+FARM PRODUCT INGESTION:',

"IT .T51,Ii3,/.15X,'I:'NALATION OF RESUSPENDED MATERIAL:',A3,/
.,15X,'AQUATIC FOODS INGESTION:',T51,A3,

N. .T70,'INVENTORY DILUTION FACTOR:',1PE9.2E2,/,
.15X,'CRINKING WATER INGESTION:',T51,A3,170,'OECAY OF RIVER ',

-- .'RELEASE SCJRCE TERM ',A13,/,
.15X,'CaNTINUING ATMOSPHERIC DSPOSITION 'A3,T70,'DECAY OF ',

-^^ .'AIR RELEASE SOURCE TERM ',A13,/,
.1SX,'EXTERNAL FROM BURIED WASTES ',TS1,A3,

^ .70,'SITE X/Q: '.1PE9.2E2,/
.15X,'EXTERNAL FROM SURFACE DEPOSITS:',T51,A3,T70,
'SFECIA;. INHALATION MODEL ',AB)

C
^ IF (ION GT. 0) WRITE (6,1055) FRSIZ,AREAIN,AREAFX

1055 FORdAT(T700SIZE OF THE SITE:',F9.5,' FRACTIONAL HECTARES'/,
cm .T70,'INTERNAL PATHWAY AREA CORRECTION FACT0R:',1PE9.2E2/

.T70,'EXTERNAL PATHWAY AREA CORRECTION FACTOR:',1PE9.2E2)

T c
C FAP.kS PRODUCT PARAh,cTERS^
c

WRITE(6,5)RF1,RIRR.RF2,IMO,RPF2,DILF,IRR
5 FOR4AT('0',4X,'FARM PRODUCT PPRA.METERS USED:',/,
1SX,'FRACTION OF ROOTS IN UPPER SOIL:',OPE10.2E2,
T65,'IRRIGATION RATE:',1PE10.2E2,'L/M**2/MO',/
.15X,'FRACTION OF ROOTS IN BURIED WASTE',OPE9.2E2,
T65,'D(ONTHS PER YEAR IRRIGATED:',I5,/
.15X.'FRACTION OF TOTAL DIET GROWN ON SITE:',1PE10.2E2,
T65,'RIVER DILUTION FACTOR:',IPE10.2E2,'YR/L',!

T T65,'YEARS OF IRRIGATION WITH CONTAMINATED WATER PRIOR TO',/

T70,'THE DOSE CALCULATIONS:',IS)
C
C EXTERNAL PATH PARAMTERS

IF (FLAG22.EQ.'OFF' AND. FLAG27 EQ. 'OFF') GO TO 100
WRITE (6,1060)

1060 FORMAT ('0',4X,'fXTERNAL EXPOSURE PARAMETERS USED:')

1.A-38

n



Bi'FddJBJJCdFJdAFF9ddE'dJJJddddFFAJFJdA9JFAJddd9EFdddJJdFd9dFdAd9ddd9AdFdFdFJd
d F
d d
^ F
A CCSQaSLLiSHLE¢SCCEELLQaLLLESaLLHSQLEaSEaSLELSLEEHSLCLSLEEESCLEESLIIHSSE F

J F
F Do you wish to review or change organ paramsters (N!Y) <cr> Y
0 A
F F
F F
d A
d F
F A
A F
FAFFFFAFCFFFudJAFFAFAFiAAAFAFdfAAFAFFdAFFAFFFFFFFFFFFFFAFFFFFAFFdFFFFFFAFFFF

FAFAFFAFFdFFAF^'FAFFFFAFFFFSFFfAAFFFAFFFFAFFFAFFAFFFAFFFFF6AAFFFAAFAAFFAFAFF'F
F A
F The size of the site in terms of fractional hectares F

00 A (te., 10000 sq m), is 1.00 . A
g ----------------_°----------------------------- -'_--__-__-..--------- A

r^ F Do you wish to change this value (N!Y)? <cr> F
A A

^ F The (nventory will automatically be adjusted by the d
F appropriate area correction factor for each exposure A

' F pathway based on a site size of 1.00 hectares. F
A
F 3LLEECEECLSCELSLSaESLaSCSSSaaESaaraESaaEaSLLCSCeELxLCSLCCaeLLa3sccaaas ^

Do you wish to review or change the above parameters (N/Y) <cr> A
F F

^. FbFFFAAFJ#FAFFFFFFFAFFFFFdAFFFFFFAAAFFFAFFFAFFAFFFFFFAPBFFFAFFFFFAFFFFFOFFFF

C14 FFFFAFdAAAFFF&xFFF$FFF^FFFAFFAFFFAFFFFFFFFFFFAFFFFFAFFFAtAFFAFFAFFFfiFFFA?AAF
F b
F The surface/buried inventory may be entered as:
F 1 - pCi I
F 2 - uCi $
F 3 - mCi a

cr* d 4 - Ci F
F F
8 The currect selection is: 1 F
F ---------------------------------------------------------------------- A
F Do you wish to change this value (N/Y)? Y<cr> F
t A
F Enter new value: 4 <cr> F
F F
FFFFFFAFFFFFFFFzFr'FFFFFFFFFFFF3FFFFFFFFFFFFFFFFFFdFFFFFFF#FFFAFFFF6'FAAFFFF;F

Figure 3.4-3. Sample Problem Two Interactive Session (Continued)

3.28

1 ^

M`. • -JV ^.

----4 ^^ - ,- - -- - - _
- . b F

^ ^ ' \ ) • . -
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APPENJIX 1.A 00XPUTER COOE LISTING - FtF3Q1

C CALL IDLINE
WRITE(6,18)

18 FORdAT(25X,80(f-'),/)
C
C LIBRARIES USED
C

WRITE(6,1000)TITLR
1000 FORMAT(SX,IRADIONUCLIDE CfiAIN LIBRARY USED: ',4X,20A4,/,SX,

.fDOSE FACTOR FILES USED FOR THIS (:ASE:')
C

IF (IFOD GT. 0) WRITE (6,1001) TIT20. TIT21
1001 FORMAT(15X,v*2O FOOD-LEAF:',

.13X,13A4,/.15X,1*21 F00D-SOIL:1,13X,15A4)
C

IF (XFACT NE. 0.) WRITE (6,1002) TIT22
1002 FORMAT (15X,1*22 SHALLOW EXTERNAL:',6X,15A4)

C
IF (RINH GT. 0.0) WRITE (15.1003) TITLDI

1003 FORMAT (15X,1*23 DACRIN-INHALATION:1,5X,15A4)
C

IF (IARG GT. 0) WRITE (6.1004) TIT24
1004 FORMAT (15X,t*24 ARRRG-FISH:1,12X,15A4)

C
IF (IWAT GT. 0) WRITE (6,1005) TIT25

1005 FORMAT (15X,1#25 ARRRG-DRINK H20: f,SX,15A4)
C

IF(IEXT.GT.O) WRITE(6,3) TIT27
3 FORMAT(15X,'*27 ISOSHLD EXTERNAL: '.15A4)

C
IF (IBIO GT. 0) WRITE (6,10C6) TITLIN

1006 FORMAT (/,15X, TBIOPORT INVENTORY FROM: 1./
30X,20A4,/,30X,20A4)

C
WRITE(6,21)IT1,IT2

21 FORMAT(/.5X.tDOSES CALCULATED FR0(df,I5,t T01,I5,
.1 YEARS FOLLOWING TIME ZERO',/)

C
C PATHWAYS AND PARAMETERS USED
C

FLAG20=10FFI
FLAG22=1OFFT
FLAG23='OFFI
FLAG24=?OFFI
FLAG25=10FFI
FLAG27=?OFFI
FLAG28='OFFI
FDK=INOT PERFORMED'
FDJ=INOT PERFORMED'
FINTRD=^NOT USED'

1.A-37

^ /



^----,-- F

L

^..,
.^_ .

^J.- -

^

G'

,J^

t+r1

`"T -

N

•-/^.

fl

_. . ,

8t0/46@##£`^###dtdA#rd6F3ir'6d#^#3fi6^#S#t 6liBSd:Y#g,f0##'^'if^18G##9#s^!#Fdffi&#'^7#OF^',^0#0
I if
/ The contamination deposited on the site at start of b
I calculation may be entered in the following units: #
F 6
# 0 - Ci /square metar #
S I - Ci /cubic meter #
# 2 - Ci /Kg of soil #
# $
# The current selection is: 1 #
# #
# ----------'----'----'--------------------------------------------------- if
# Do you wish to change this value (WY)? <cr> #
# #
##faTdf###fi##^#,€Sf##fi'#,R##p6#^'##B##/CS'###8'#d##P##F####/####d#^1N#### #^f#######8#

B##i######fJA#6##1f#6E6#9##J#b#,f4'#f####A#^:0,78###S4'@'#3d.^###t#II######d##8#P&#
e #

if The surface/buried inventory dilution factor is: 0.20 #

# (range = 0.0 to 1.0E+20) #
# B
# _ _ - - - _ _ _ - if

if Do you wish to change this value (N/Y)? <cr> #
A t7
# #
# #
# e¢xexmaaassaxaaassasaaxseaaxa-sascxcaasaosaaecseaxcxsaxxxxaaeoaexscxsxc f{

OF #
6 Do you wish to review or change any of the above parameters (N/Y) <cr> if
1 #
!###8#S##I####@###SR##Sf#Sd#A#E##P####@#####6S##€#f,f#E##!fi######d5####8#####

#8d#fiF######&#####@##!,°#SOA##e*####!##Eai#4ff####€####,f###Ai`##CB#II#######A###C

# #

f Do you wish to review and/or change solubility classification #
# for each organ for each radionuclide. The default assump- t
X tion is elements are insoluble for lung and soluble for all I
I other organs. (N/Y) <cr> #
9 #
# #
# .^
# #
# #
$ #
# #
98###d##f#Fd0##ka?P#SE####k#,5###€AF##a°lABt^##,^0€i########:#dtb`#Fa^##B##S###x"###

Figure 3.4-3. Sample Problem Two Interactive Session (Continued)
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. ^ - .^,.,,^ ._.-. .^ o r-^^ _ ^ ^ A .^ ^ ,.4•-,^- .^ ^ ^,

r{Y"'ENDIX I.A C0*9RER CODE LISTI.(`.s - PAAXI1

C--°------------------------°---------------------------------------

SUBROUTINE QAPAGE(RF1,RF2, INTRUD, IDKWAT,XFACT, IRR,RINH,XDPT, AGE,
.M3M2,KORG.NORG,NTR,TITLR,TITLDI,(IAPR,RPFI,RPF2,ISUR,I22,
XF2, SRDIL, 18I0, IBYR, TITLIN, NEXT, FRSI2, AREAIN, AREAEX, ION)

C
C This subroutine prints a report of input parameter values.
C
C Module of MAXI1
C Version of 25-APR-84 RAP
C
C----------------------------------------------------------------------
C

COt•1MON/THIRDS/OK(50),At.g.(50),XQSITE,IAIR,IDKAIR,IBLOW
C

COMMON/TITLS/TIT20(13),TIT21(13),TIT22(13),TIT24(13),
.TIT25(13),TIT27(13)

PI, C

COMMON/DATA1/ELTO(50),AWO(50),IOFNUC(50),NONUC,DK(2,50),
-- IFRM(2,50),AL(50),AM(50),SOILCN(50),ICHN,AMI(50),AMJ(50) ,

.IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IPTO,DEN,IEXT
-- C

COMMiON/JUNK/DDTT,ITI,IT2,TITLE1(20),TODAY,CLOCK
CX? C

DIMENSION KORG(5),NTR(5,50),TITLR(20),TITLDI(15),TITLIN(40)
S^ C

CHARACTEi; DDTT*9,FDK*13,FINTR0+8,TINHL*12,ONAME*10,FM3M2*5
CHARACTER FDJ*13
CHARACTER AWO*6

C%j CHARACTER*10 TODAY, CLOCK
C

DIMENSION ONAM•E(23),QAPR(50)
C

DATA ( ONAME(I),I=1,23)/ITOTAL BODY','BODY WATERI,IKIDNEYSI,

` 0^
,LIVER,,,SPLEEN1,,BONE!,tFATt:1LUYGSt,1ADRENALS1./TESTES, ,
1. OVARIESI,ISKINI,/BRAINI,'MUSCLEI,IPROSTATET,ITH','ROIDI,?PANCREASI,

.IHEARTT,/GII,ISTOMACHI,ISMALL INTI,IGI-ULIT,IGI-LLII/
C
C IF THIS IS A SUBSEQUENT BIOPORT RUN, SKIP DOWN TO INVENTORY

IF (NEXT EQ. 5) GOTO 200
C

WRITE(6,19)
19 FORMAT(1H1)

C
' WRITE(6,1) TODAY, CLOCK, TITLE1

1 FORAAT(T27,IMA),I - Maximum Annual Dose Calculation Version ',
.IVAX2.2 25-APR-841,/,
T45,IExecuted on I,A10,1 at 1,AlO,l.t/,
T27,'Case title:1,20A4,1)

,

4
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###II^a^'a##^B8#d##L`A^"^fib'e!^##A#6'F##P!6#BS####E^9#d #8##d8#d##$!^##9^8'#####!f##d#

# #
# The following questions pertain to the radionuclide #
# inventory. After inputting the inventory, enter I
# "99" for ele.m.snt nacr:a to signal to the program that #
# you are finished. #
# #

# 3SSE3II:. cII _a ..¢ Ga _. ^YYC v 3 L aSa ... 3 S 3a #

# #

# Press <return> when you have finished reading: <cr> #
^6 # #

^
# #

^/' #9############6#####6fi####F#######d###4L'#####d##g####9##6######d#A'##########

#d#d##########P^'#d+f##k°f#f######d####d#d###d####LP,C##################d###dSd#
# #
# #

CD
# xa_SaaII^3SCZaa3cCSaaSaa3caaaaacaacCaaasIIaaxaSaaatC'r'SLSCa_aaaaaaRLSTLiaY #

d Enter new 2-character element (99=ftnished): C0.<cr> #
d1 # F

if Atomtc number input can be up to 6 characters long. #
•{^ # :nclude metastable (M) and daughter (+D) designation, (i.e., TE127M+0) I

# #
# Enter atomic number: 60 <cr> #
# #

-^Gt9 # Enter the quantity of 0050 deposited on the site at start of #
s calculation (units: Ci /cubic meter ) : .1 <cr> #

n. # #
#d######S####dl###Prd'##########aT###############4'#########d#J######i####S####

df##d#d###d#dB!!############6########d###############C#####E89#d#########fdf
04 ;_ # #

{ # Enter new 2--character element (99afintshed): SR <cr> #

if Atamic number input ran be up to 6 characters long. #
I Include metastable (M) and daughter (+D) designation, (t.e.. TF127MfD) #
# Enter ata•nic number: 9040 <cr> #

# Enter the quantity of SR90+0 deposited on the site at start of #
# calculation (units: Ci /cubic meter ) : .01 <cr> #

,

# #
# aaas=aaa3IIaaa3cCLaaaacaSaaaxc3aaaaaaaacazaasaaaaCLaacaca3aLa3aaa33IIaaa ^.

# Enter new 2-character element (99=fintshed): 99 <cr> #
# #

T, ########g4'######dB#iT##ORF####fi####d#####F########d####a°#f################d##

Figure 3.4-3. Sample Problem Two Interactive Session (Continued)
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.^ _

C ---..--..--«-----^-..^---..---^--^--..^..^--»..-------^-------
``

S(EIR(xITINE PWTO (SOIL(N,AIR(y)N,INUC,NON(X;,JTIF'¢,ELTO,/'JfO,APaI,AMJ,
A.MT)

C
C
C THIS SU3ROUTINE IS USED TO PRINT THE RESULTING TIF.sE DEPENDENT
C SOIL, AIR. IRRIGATION WATER, AND ORINKING WATER CONCENTRATIG"tS
C
C Module of !lAXI1
C Version of 25-APR-84 R.AP
C
C-----..-------.'----.,-..-------------'-----------..-------..------°-- -^
C

DIWENSiON AIRCON(50),SOILCN(50),ELTO(50),Ah'0(50)
DIMENSION Ai(I(SO),AFU (SG),AMT(50)
L`!ARACTERr6 AtYO

C_
IF (NCWUC.GT.20 OR. JTIP4^ EO. 1) 1}tEN

6iRITE (6,51)
ELSE

r
k:RITE (6,52)

E)(DIF
^ C

WRITE (6,50) JTIMc'

w IF(INUC.,NE.NOh'UC) GO TO 200
C

sn DO 100 JNUC-I,N(xJUC
A)4T(JFfUC)eP.HT(JNUC)/.15
WRITE (6,60) ELTO(JN(C).AkO(JNUC),SOIL'-?:(JNUC),At4T(JNUC),
.AIRCON(JNUC),AASI(JNUC),AW (JNUC)
AMT(JN(C)RAMT(JNUC)«.15

100 CONTINUE
C

RETURN
200 WRITE (6,70)

C
SO FOMMAT(11-1 ,30X,'SOIL,AIR, AP40 WA1ER CGNCENTRATION SUFWRY",

t FOR THE YEAR#,16.//.IOX,"RADIOl.YICLIDE',SX,fSURFACE 5010•
.SX,'DEEP SOIL°,BX.'AIR'.9X,'IRRIGATICP(l,4X,
IORINKING roeATER",/,31X,fPCI/M2",8X,IPCI/1641,10X,
fPCI/M3+,9X,IPCI/L",11X,'PCI/L',/)

51 FORHAT (IFi1)
S2 FO.^tAT (f///)
60 FORHAT(13X,A2.1X,A6,3X,5(SX.1PE10.2E2))
70 FOR3dAT(///,3X,fDIAGcOSTIC 14: TEST, INUC.NE.NONUC=ENO -

. .'FR04 PNTO')
C

STOP
C----------_ ^_^^^----°-------------- '---------------- ---°---_-

END
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JYRRYfYY@YYRRfRRYYY#RYfRbffYfR3YbbRYYYRB'fRRRYRRYRsRYYJOYRYRRYYYRRYR6RRRRRJYR
Y Y
R Surface/Buried Drinking R
F Ci Irrigation Water Y
R Radionuclide /cubic meter (:i /1 Ci /i #

f --°--------- ---------- ----°---- °-------- R
Y C060 0.10 0.00E+00 O.00E+00 R
f SR90+D 1.00E-02 O.OOEt00 0.00E+00 #
f F
# __scss_cve=a_c=___cc==ves=cezssso=sos sv==a=cacc=cnca_esvc=ceccccacasssev ^

Y Do you wish to review or change the above parameters (N/Y) <cr> f
R Do you wish to add radionuclides to the above inventory? <cr> R
fFAARf#f8f'f##ffYA,;`fRCAfRY#fAfffffffYACff#FfYff#fff#fA#AfffffAfYffRRJfAfffffA

(The above interactive session generates the following file.)

account-name,ST74FZ,CM160000,EC400•T177.
ACCOUNT,account-name,problem-number,problem-number.
ATTACN,TAPE20,FILE20,ID=ZZRNRC.
ATTACH,TAPE21,FILE21•ID=ZZRNRC.
ATTACN,TAPE24,FILE24,ID=ZZRNRC.
ATTACH,TAPE25,FILE25,ID=ZZRttRC.
ATTACH,TAPE22,PLilNSOURC,ID=ZZRNRC.
ATTACH,TAPE27,vOLSOURC,ID=ZZRNRC.
AT7ACH•TAPEIO,RMDLIE,ID=ZZRNRC.
ATTACH•TAPE23•FILE23,ID=ZZRNRC.
ATTACH,ABS•t•tAXI1ABS,I0=ZZRNRC.
COPY,ABS,LGO.
RETURN,ABS.
MAP,OFF.
LDSET,PRESET=ZERO.
LGO.
(eor }
SAMPLE PROBLEM TWO
SINPUT NEXT=1,

IF9D=C,IARG=0,IWAT=O,IEXT=1,ISUR=O, IAIR=O• RPF1= 0.• RPF2=1.00•
AGE= 0., XDPT=.670E-01,RINH= 3 42231, DILF=1.00, XF2=.300E+04,
M3M2= 1• INTRUD=0• I22=0,
IT1= 10, IT2= 59, NORG= 5• KORG(1)- 1. 6• 8,16•23,
SRDIL= .200 , FRSIZ= 1.00 • AREAIN= 1.00
AREAEX= 1.00 • IOUT= 0, IDN=1, SEND
2 0

C060 11311 1.00E+11 0. 0. 0.
SR90+D 11311 1.OOE+10 0. 0. 0.
{eor }

(aof }

Figure 3.4-3. Sample Problem Two Interactive Session (Continued)
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APPENDIX 1.A iX4lDTER CODE LISTI'.4'a - tUSXIl

ARDOS(ITTIM+N,INUC,IORG)=ARDOS(ITTIthrN,INUC,IORG)
+ARGF(ITTIM,INUC.ICRG)*AMK(INUC)

C
DWDOS(ITTIM+N,INUC,IORG)=DWDOS(ITTIM+N,INUC,IORG)

. +ARDW(ITTIM,INUC,IORG)#AMJ(INUC)
C

400 CONTINUE
300 CONTINUE
290 CONTINUE
200 CONTINUE

C
C CALL SOILCN, AIP.CON PRINTOUT--
C IF (JTIME NE. IT2) GOTO 6878
C DO 8879 IRAP = 1, 50
C PRINT 8877,(DADOS(IRAP,INU,3),INU=I,NONUC)
C 8877 FORMAT0 DADOS: +,3E10.3)

8879 CONTINUE
C 8878 CONTINUE
C

IF(JTIME.EO.ITI.OR.JTIME.EQ.IT2)
.CALL PNTO(SOILCN,AIRCON,INUC,NONUC,JTIMc",ELTO,PdVO,AMK,AMJ,AMT)

C
50 CONTINUE

C
RETURN

C
C-----------------------------------------------------------•----------°
C

END

1.A-34
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MAXI - Max(mum Annual Dose Calculation Version YA2.2 25-APR-84
t Exocuted on 3-MAY-84 at 07:40:56r

Case title:SANPLE PROBLEM TWO

.{. ----------------------------------------------------------------------------

RADIONUCLIJE C4AIN LIBRARY USED: RADIONUCLIDE MASTER DATA LIORARY /w TR14,SLOCATIA4 (1ASSES, 6-APR-84 RAP
DOSE FACTOR FILES USED FOR THIS CASE:

023 DACRIN-INH/1ATION: DOS) DOSE INCREMENT FILE ONSITE/BIOFCRT ENV. 16-APR-84 RAP
+27 I50SHL0 EXTERNAL: DNSITE/BIOPORT 1'Q.UME SCURCE SURFACE EXTERNAL .''.RFS

DOSES CALCULATED FROM 10 TO 5,9 YEARS FOLLOWING TIME ZERO

PATHWAYS INITIALIZED FOR DOSE CALCULATIONS: SPECIAL PA4A1aETERS INITIALIZED:
1F PARM FAOOUCT INGESTION: OFF

•. . INHALATION OF RESUSPENDED MATERIAL:ON
AQUATIC FOODS INGESTION: OFF INVENTORY DILUTION FACTOR: 2.00E-01

^. DRINKING WATER INiE5FION: OFF DECAY OF RIVER RELEASE SOURCE TERM NOT PERFORMED
CONTINUING AThtlSPHERtC DFPOSITION OFF DECAY OF AIR RELEASE SOURCE TERM NOT PERFORMED
EXTERNAL FROM RURiED WASTES ON SITE X/0: O.00E+00
EXTERKAL FROM SURFACE DEPOSITS: OFF SPECIAL INHALATION MDJEL NOT USED

t .' ^. SIZE OF THE SITE: 1.00000 FRACTIONAL HECTARES
INTERNA(. PATHWAY AREA CORRECTION FACTOR: 1.00E+00
EXTERNAL PA:IMAY AREA CORRECTION FACTOR: 1.00E+00

Wi? FARM PRODUCT PARAMETERS USED:
FRACTION OF ROOTS IN UPPER SOIL: 0.10E+01 IRRIGATION RATEc O.OOE400L/M>12/M0
FRACTION OF ROOTS IN BURIED WASTE O.00E+00 MONiHS PER YEAR IRRIGATED: 6

. FRACTION OF TOTAL DIET GROWN ON SITE: 1.00E+00 RIVER DILUTION FACTOR: I.OOE+00YR/L
YEARS OF IRRIGATION WITH CUVTAMINATEO WATER PRIOR TO

^ ^. THE DOSE CALCU:.ATIONS: 0,
EXTERNAL EXPOSURE PARAMETERS USED:

RATIO OF EXTERNAL CONTA4INATION IN SCrZFACE SOILTO SWSURFACE SOIL I.OOE+00
NUF"ER OF HOURS OF EXPOSURE TO EXTERNAL CONTAMINATION 3.00E+03

I
SURFACE DEPOSITS DRFS FROM I505HL0; MODIFICATION FACTOR: 5.844E-11

y_

r• INHALATION PARA(CTERS USED:_
;•. NADIFICATION FACTOR , RINH: 3.42E-01

(EOUIYALENT TO DREATHI6G RATE OF 230 CC/SEC FOR 3000. HR/YR)
RESUSPENSION 6GUEL USED FOR CALCULATING AIR CONC.ENTRATION: ANSPAUGII

'. . AVERAGE AGE OF MATERIAL ON GROUND AT TIME ZERO: O.00E+00 YEARS
TOP 1.0 CN OF THE CONTMMINATED SURFACE LAYER IS AVAILABLE FOR RESUSPENSION.

ORGANS FOR WH!CH DOSES ARE CALCULATED ( SAME ORDER AS SOLUBILITIES GIVEN BELOW):

TOTAL E107Y BONE THYROID GI-LLI

Figure 3.4-4. Sample Problem Two Output.• ^i
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PPPrC"aJIX I.A COM'F77ER CODE LISTING - tSF.XI1

DO 290 JNUCa1,J
r,

INUC=INUC+1
IF(JTIME.LT.IT1) GO TO 290

C
C CALCULATE AIR CONCENTRATIONS
C

AIRCON(INUC)=SOILCN(INUC)*AIRFA(ITIt(E)+AFoM(INUC)
C
C CALCULATE EXTERNAL TOTAL BODY DOSES
C

EXDOS(ITIME,INUC)=DEXT(:NUC)*SOILCN(INUC)*XFACT*AREAEX
+DEDXT(INUC)*AMT(IHUC)*5.844E-11*XF2/8766.*AREAEX

C
C WHERE 5.844E-I1=(HR/YR4REM/tV2EM*CI/PCI)/0.15
C
C
C CALCULATE EXTERNAL DOSE SUMMED OVER ALL NUCLIDES AND DAUGHTERS
C

AEXDOS(ITIME)=AEXDOS(ITIME)+EXDOS(ITIME,INUC)
C
C CALCULATE INTERNAL PATHWAY DOSES
C

DO 300 IORG=1,NORG
M=50-N
DO 400 ITTIM>1,M

C
IR = ITTIM+N

C
FDOS(ITTIM+N,INUC,IORG)=FDOS(ITTIM+N,INUC,IORG)+DFDOS(ITTIM,INUC
.,IORG)*SOILCN(INUC)*RF1*RPF2*AREAIN
.;DFDOS(ITTIM,INUC,IORG)*AMT(INUC)*RF2*RPF2*AREAIN

C
FADOS(ITTIM+N,INUC,IORG)=FADOS(ITTIM+N,INUC,IORG)+AIDOS(ITTIM,INUC
.,IORG)*AIRCON(INUC)*RPF2*AREAIN

C
C IRRIGATION LEAF DEPOSITION, AIR DEPOSITION VELOCITY IS ASSUMED
C TO BE 1E-3 FOR ALL RESUSPENDED PARTICLES
C THIS REQUIRES A SPECIAL LIBRARY OF DEP VELOCITIES FOR FOOD FILGENiI
C

IF(RIRR.LE.0.0)GO TO 500
C

FADOS(ITTIM+N,INUC,IORG)=FADOS(ITTIM+N,INUC,IORG)+
.AIDOS(ITTIM,INUC,IORG)*AMK(INUC)xRIRR/2.635E6/1.0E-3*RPF2

C
500 CONTINUE

C
DADOS(ITTIM+N,INUC,IORG)=DADOS(ITTIM+N,INUC,IORG)+INDOS(ITTIM,INUC

,IORG)*AIRCON(INUC)*RINH*AR'dAIN
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INPUT PREPARED BY,
4C 6^^^

INPUT CtiECKED By DFTE
2/_^i bbdd ^` f

RELEASE TEPod$ SOIL SCORCE IRRIGnTATION/AOUATIC DRINKING WATER AN. RELEASE

NU0.IDE ORGAN SOLLP.ILITY CLASSFS ( PCI/M'-3) (PCI/L ) (PCI/U ( CI/YR)

CO 60 1 1 3 1 1 2.00E+10 O.OOE+OO O.00E+00 0.00E+00
SR 90+0 1 1 3 1 1 2.00E+09 0.00E+00 O.OOE+00 O.00E+00

SOIL.AIR. N7D WATER CONCENIRATIOti SUPWARY FOR THE YEAR 10

RADIONUCLIDE SURFACE SOIL DEEP SOIL AIR IRRIGATION L4tINKiR".; WATER
PCi/M2 PCI/M3 PCI/M3 PCI/L PCI/L

CO GO 8.03E+08 5.35E+09 5.38E+03 O.00E+00 O.00E+00

SR 90+D 2.35E+08 1.57E+09 1.58E+03 0.00E+00 O.00E+00

SOIL,AIR, FND WATER CONCEN7RATION SUMNARY FOR THE YEAR 59

RADIONUCLIDE SURFACE SOIL DEEP SOIL AIR IRRIGATION DRINKING WATER

PCI/M2 PCI/M3 PCI/M3 PC1/L PCI/L

CO 60 1.26E+06 6.38E+06 8.42E-05 0.00E+00 0.00E+U0

SR 90+D 7.14E+07 4: 6E+^_8 4.78E-03 0.00E+00 O.00E+00

SAFIPLE PR03LEM TWO
MAX I, Version VAX2.2 25-APR-84 executed on 3-MAY-84 at 07:40:56

May1PUIN. AhNU+O. DOSE SUFTURY FOR THE YEAR 10 F ORTOTAL BODY

EXPOSURE PATNKAY
INGESTION INHALATION EY.TEPJIAL AQUATIC FOOD

RADIONUCLIDE REM -- x REM -- - -% - REM ----R - REM --- % -

C0.'0 0.OOE-00 0 9.57E-02 25 1.61E+01 99 O.00E+90 0

SR90+D 0.00E+00 0 2.87E-01 74 9.88F.-03 0
- ---

0.00E+00 0
---------------------------------- ---

TOTALS

-------------

INGESTION

--------------------

t INHALATION

-------

f

-------------

ExTERNAi

-

S AOUATIC FOOD S

0.00E+00 0 3.83E-01 2 1.61E+01 97 0'.00E+00 0

Figure 3.4-4. Sampl e Problem Two Output (Continued,

DRINKING WATER
REM ,.

O.00E+00 0
O.00E+00 0
--------------

ORINKING WATER R TOTAL
O.00E+00 0 1.64E+01

- _ _ __ __,-----'•r-,^

.'`! ^ .
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CALL 2EZORtIZSOO,DADOS)

CMfifTiER fX2M LISTl^'a - MUll

m

+C)

co

Lf1

"7

01

^

^

C
IOKA9IDKAIR

C
C MTER LOO' ON TINE
C

ITI)!2•0
ITA=IT'F-IBLOM
ITW^IT1-IRR
ITIbE.-MAY,t IPR, iBLLAr)
IT&?.ITI+ITItFE
DO 50 JTM^ITF).IT2
IF(It4TRUD.NE.O.iND.JTINE.GT.I11)GO TO 50
ITItt2-ITIM2+1

N-ITIME-1
IF(IT:M2.EQ.1) AITIWaJTIW-
IF(ITIM2.GT.1)AITItzE-I.O
BITIMEeJTI14E4fGE-ITM

C
C CALL RLSUSPFtiSION OR FtASS LOADING FACTOR
C

IF(ITIME.LE.O) GO TO 10
IF(AGE'.GE.O)
.CALL AFACT(6ITIME,AIRFA,ITIAtE,XDPT)
IF(AGE.LT.O) CALL rfiLOAD(ITIME,DEN.Tt.LF,AIRFA)

10 CONTINUE
INUC=0

C LOOP ON ^?AINS
DO 200 ICM=I,IQiN

C
C SET IRRIGATION AND AQUATIC FOOD WATER CONC TO AMK
C OtiCE.IF CONSTANT SOURCE
C EVERY TIME. IF DECAYING SOURCE
C

.i-IOFNUC(ICN)
IF(JTIW.EO.ITA)CALL AIRDIS(IDKA.INUC,JTIMt.fF4N.J)
IF(JTIME.EQ.ITN)CALL NATER(IDKWAT,INUC.JTIME,AMK,J)

C
C SET SOIL CONC, DEPENDENT ON IRRIGATION. SUBSURFACE, ETC.
C

CALL SOL!YYN(ITIM2,ICH,INUC,AITINE,J,AO,JTIFIE,AMT.IT1,A)4K,AMM.
RPFI)

C
IF(IDKA.NE.O.AND.JTIME.GE.ITA)CALL AIRDIS(1.INUC.JTIME,A6A4,J)

C
IF(IDKMAT.NE.O.P:7D.JTIME.(iE.ITk')CALL h`ATER(1.INtC,JTIME,A4K.J)

C
C

1.A-32

.



9 2 ^' 1 2 4 5 S 1 6 ^i

MqXINIk A4NUAL DOSE SUMMAkY FOR THE YEAR 11 FOR BONE

11 u EXPOSURE PATMWAY
INGESTION INHALATION EXTERNAf. AOUPTIC FOOD DRINKING WATER

RADIONUCLIDE REM % REM % REM % REM % REM %

'

------------

C06C

----------

U.00E+00

------ -

0

-----------

0.00EW0

----

0

------------

1.41E+01

----

99

----------------

O.00E+00 0

----------

0.00E+00

--,-

0
SR90+D O.OOE+00 0 8.33E+00 100 9.64E-03

- -
0 0 .OCE+00 0

_
9.00E+00 0

------

TOTALS

- -------

INGESTION

_

%

--------

INHALATION

___ ---- --
EXTERNAL %

------ -

AOUITIC FOOD %

--------

DRINKING

-

WATER % TOTAL

0.00E+00 0 8 33E+00 37 1.41E+01 62 O.OOE+00 0 O.00E+00 0 2.24E+01

MAXIMUM ANNUAL DOSE SUMM9RY FOR THE YEAR 11 FOR LUtt>S

, tP EXPOSURE PAiliWAY
,

k
t. INGESTION INHALATION EXTERNAL iu.:UATIC FOOD DRINt?NG WATER

RADIONUCLIDE REM % REM REM % REM. % REM %

^.^ . C060

- -

0.OOE+00

-- _

0 1.43E+01 62

_--

1.41E+01

- -

99 0.00E+00 0 O.OOE+00

- _

0
SR90+D 0 00E+00 0 8.41E+00 37 9.64E-03 0

_
0.00P00 0 O.00H00 0-- _-___-

TOTALS

_ -
_

INGiSTION

__________

%

___________

INHALATION

____

%

________.._--____

Ei:ERNAl

-..--

%

_--_-__-__.___--.-.-

AOUATIC FOOD %

--_------.._

DRINKING

---_-_-

WATER % TOTAL
0.001-00 0 2.27E+01 61 1.t1E+01 38 0.00E+00 0 0.00E+00 0 3.68E+01

MAXIMUM MtNUAL DOSE SUMHARY FOR THE YEAR 10 FOR THYROID
w

EXPOSURE PATHWAY
INGESTION INHALATION EXTERNAL Y: UAT.C FOOD DRINKING WATER

RAD:ONUCLIDE REM % REM % REM % REM % REM %
------------

-
----------

0.00E+00

-- -
-

0

--______-__

0.00E+00

- -

0

--
_-____.--_

1.61E+01

- -

99

_-- -
---__---__

O.OOE+00 0

---------

0.00E+00

-_ -
- --

0
SR90+D 0.00E+00 0 0.00E+00 0 9.88E-03 0 0.001-00 0 0 1JOE+00 0

^

------ -------

TOTALS

------------

INGESTION

-----_---

%

-- ___-____

INHALATION

____

%

-___________-__-

EXTERNAL

_--_--

%

----_--__-_--._---_-

AOUATIC FOOD %

--__-___--_

DRINKING

_-.__--

WATER % TOTAL
O.OOE+00 0 0.00E+00 0 1.61E+01 100 0.00E+00 0 0.00E+00 0 1.61E+01

4!
MAXIMUM ANNUAL DOSE SUMAWiY FOR THE YEAR 10 F OR LLI

,
EXPOSURE PATHWAY

•. INGESTION INHALATION EXTERNAL AOUATIC FOOD DRINKING WATER
RADIONUCLIDE REM % nFM % REM % REM R nEM %
------------

-------
____

-- -
_

------ -
--_

- - --------
_-_.

- _
----------------

---
___-..._

--- -

• k CfbO O.OOE+00 0 8.:..E-02 65 1.61E+01 99 O.00E+00 0 O.00E+00 0
r( SR90+D 0 00E+00 0 4.4,E-02 34 9.88E-03 0 O.00E+00 0 O.OOE+00 0I --_-

------

TOTALS

--
---------

INGESTION

_

%

----------

INHALATION %

--------

EXTERNN. %

------- ---- ___

AUUATIC FOOD %

_ .-___--_

DRINKING

_---- .

WATER % TOTAL
^.. 0.00E+00 0 1.31E-01 0 1.S1E*01 99 0.00E+00 0 0.00E+00 0 1.62E+01

Figure 3.4-4. Sample Problem Two Output (Continu ed)
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SU2ROUTINE PADOS(XFACT,NORG,XDPT,ABE.IRR,RFI,RF2,RINH,INTRUD,
IDKWAT,XF2, RPFI, RPF2, AREAIN, AREAEX)

PADOS calculates doses for each pathway.

Module of MAX71
Version of 26-APR-84 RAP

C

COMEmN/THIRDS/QK(50),ANL(50),XQSITE,IAIR,IDKAIR,IBLOW
C

COMFY`N/JUNK/DDTT,ITI,IT2,TITLEI(20),TODAY,CLOCK
C

CON?AON/DATt'!/DFDOS(50,50,5),AIDOS(50,50,5),INDOS(50,50,5),
.DEXT(50),A:ZGF(50,50,5).ARDW(5D,50,5),DEDXT(50)

C
CDMMON/DATA1/ELTC(50),AWO(50),IOFNUC(50).NONUC,DK(2,50),
.IFRM(2,50),AL(50),AM(50),SOILCN(S0),ICHN,Ab1I(50),AFiJ(50),
IFOD,IARG,IWAT,RIRR,RPF,XDILF,DILF,IMO,DEN,IEXT

C
CORSGSON/GOSE1/EXDOS(50.50).AEXDOS(50).FDOS(50,50,5),FADOS(50,50
..5),DADOS(50,50,S),ARDOS(50,50,S),DWDOS(50,50,5),
.AFDOS(5Q.5).ADADOS(50,5).ADOS(50,5),AARDOS(50,5),
.ADWDOS(50,5)

C
DIMENSION AFa4(50)
DIMENSION AIRFA(50),AIRCON(50).AO(50),AMT(50),AMK(50)

C
REAL*4 INDQS

C
CNARACTER*9 DDTT
CHARACTER•10 TODAY, CLOCK
CHARACTER*6 AWO

C
C INITIALIZE DAT ARRAYS
C

CALL ZEROR(12500,ARDOS)
CALL ZEROR(12500,DWDOS)
CALL ZERCR(50,A0)
CALL ZERCR(50,SCILCN)
CALL ZErZOR(50,AIRFA)
CALL ZEROR(50,AIRCON)
CALL ZEROR(50.AF'XDOS)
CALL ZEROR(12500,FDOS)
CALL ZEROR(12500,FADOS)

d
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3.4.3 Sample Problem Three

The third sample is designed to exercise the agricultural exposure
scenario. For this probl m, a licegs^ee is a^3i^ned to dispose of 5 0 m3 of

i^ ofof both Co and Cs D, and 0.01 Ci/mUste containing 0.1 Ci/m
+D . Default conditions are assumed except that only 0.05 ha is assumedSr

to be contaminated by the disposal of wastes. Sample Problem Three is to

determine the doses to the intruder 10 years after the wastes are buried.

The solution is found by running the ONSITE agricultural scenario with the

sFecified conditions and waste inventory. A summary of the ONSITE inter-

active session used to develop the runstream for Sample Problem Three is

shown in Figure 3.4-5. The output resulting for this sample problem is

shown in Figure 3.4-6. The maximum annual doses resulting for this sample

problem are about 22 rem/yr to total body, 56 rem/yr to bone, 20 rem/yr to

lungs. 13 rem/yr to thyroid, and 17 rem/yr to GI(LLI). Doses to total

body, and bone are controlled by ingestion of farm crops, while the doses

to lungs, thyroid, and GI(LLI) are controlled by external exposure. Hand

calculations verified the code operation in calculating radioactive decay,

LO soil concentrations, air concentrations, external dose, inhalation dose,

and ingestion dose from consumption of garden crops.

p 3.4.4 Sample Problem Four

The fourth sample problem is designed to exarcise the irrigation/drinking-

water scenario. For Vs pf?^lem§Oa licensee2ig assumed to dispose of

CO wastes that result in C, I. Sr+D, and U+D in an offsite well.

The water concentrations are 10 pCi/L of each radionuclide. In addition,

' zr! an offsite river-water concentration of 0.1 pCi/L of each of these radionu-

clides is assumed. The individual is assumed to use the well water for

drinking and the river water for Irrigation. The sample problem is to

determine the doses that result to this individual from using these con-

CV taminated water sources. The solution is found by running the ONSITE

irrigation/drinking-water scenario with the specified conditions and source

terms. A summary of the ONSITE interactive sessicn used to develop the

runstream for Sample Problem Four is shown in Figure 3.4-7. The output

resulting for this sample problem is shown in Figure ^>.4-6.The maximum

annual doses resulting for Sample Problem Fgur are about 0.0016 rem/yr to

Cr% total body> 0.0077 rem/yr to bone 8.0 x 10- rem/yr to lungs. 0.028 rem/yr

to thyrciu, and 3.5 x 10-4 rem'yr to GI(LII). Hand calculations verified

the code oosration for all of the decay, radionuclide concentrations and

dose est;m,vtis for all of the exposure pathways considered.



r^

NIFr"MaX a.A CMvwdTM CO)JE l.IS71EEG - MA^XI1

ATEMP=AEXDOS(ITIKE)
IPEX = 0
IF (ATEMP GT. 0.) IPEX=EXDOS(ITIKE,INUC)/ATE14P*100

C
ATEMP = AARDOS(ITIME.IORG)
IARG = 0
IF (ATENP GT. 0.) IARG=ARDC'(ITIME,INUC,IORG)/ATEMP*100

C
ATEMP = ADWDOS(ITIME,IORG)
IDWO = 0
IF (ATEMP GT. 0.) IDWD=DWDOS(ITIM& INUC,IOR.ri)/ATEMP*100

C
WRITE(6, 15) ELTO(INUC),AWO(INUC),FDOS(ITIkiE,INUC,IORG),
.IPFD,DADOS(ITIME,INUC.IORG),

.0 .IPDAD,EXDOS(ITIME,INUC),IPEX,
.ARDOS(ITIME,INUC,IORG),IARG,DWDOS(ITIME,INUC,IORG),IDWD

+0 C
700 CONTINUE

^ C
IPAF = 0

^ IPAD = 0
IPAX = 0

m IA.GD==0
IDWA = 0

Lo ATEMP = ADCS(ITIME,IORG)

IF (ATEMP LE. 0.) GO TO 701
IPAF=AFDOS(ITIME,IORG)/ATEMP*100

04 IPAD=ADADOS(ITIME.IORG)/ATEMP*100
IPAX=AEY.70S(ITIME)/ATE7hP*100

^ IAGD=AARDOS(ITIME,IORG)/ATEMP*100
IDWA=ADWDOS(ITIME,IORG)/ATEyP*100

cm 701 CONTINUE
^ C

WRITE(6, 16) AFDOS(ITIME,IORG),IPAF,ADADOS(ITIME,IORG),
.IPAD,AEXDOS(ITIME),IPAX,
.AARDOS(ITIME,IORG),IAGD,ADWDOS(ITIME,IORG),IDWA,
.AOOS(ITIME,IORG)

600 CONTINUE
500 CONTINUE
25 F'ORMAT(/,13WANNUAL DOSE SUM;AARY FOR YEAR`,IS,1X,

.fAND ORGAN',A10)
999 CJNTINUE

C
RETURN

f

C------_'---------------------------___-__-----_ ___________
C

, END
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##################################^###ss#s#################^#a########s^####
if #
# ONSITE/MAXI #

# #
# This interactive program will assist you in the creation #

• # of scenarios for assessment of onsite disposal of low- #
# level waste. Doses to man through the specified pathways #
# will be simulated by the computer program MAXI. if
# #
if The following notes may be of interest: if
# When you have finished reading, press <return> <cr> #
# #
######################################################d#####################

############################################################################
# #
if 1) If the default condition is selected, you need only if

.,p if press <return>. YES-or-NO questions are designated by if
if (Y/N) and should be answered with a Y or N. The default if

10 # condition is always listed first. if
# #

Q if 2) The values you enter will be tested against reasonable if
if limits and if they are not accepted you will be asked to #

-- if supply another value. #
# #

CD if When you have finished reading, press <return> <cr> #
# #

M if if
######################################################################## ####

######################################################################## ####
N if #

if The following scenarios have been defined: if
# #

^ # 1 - External exposure if
# 2 - External exposure plus inhalation from resuspension #
# 3 - Agricultural activities #^
if 4 - Use of well water for irrigation and drinking water if
if 5 - User-created scenario if
# #
# #
if To select a scenario or for additional information if
if on a scenario enter 1, 2, 3, 4, or 5: 3<cr> #
# #
#########################a############################################## ####

Figure 3.4-5. Sample Problem Three Interactive Session

. ,
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AP','EP3)IX I.A 62r?TME62 CODE LISTING - &SAXII
x

C TEST ON OUTPUT CLASS AND CONTINUE
C

IF(IOUT.EQ.O) GO TO 999
C
C PRINT A TABULATION OF ANNUAL DOSES BY ORGAN (IOUT=1)
r,

WRITE(6, 10)
WRITE(6, 11) TIlLE1
WRITE(6, 12) TODAY, CLOCK
WRITE(6, 20) IT2
WRITE(6, 21) (ONA(IORG),IORG=1,NORG)

C
C LOOP ON YEARS AND ORGANS
C

ITIME=O
DO 300 JTIME=ITI,IT2
ITIME=ITIME+1
WRITE(6, 22) JTIME,(ADOS(ITIME,IORG),IORG=1,NORG)

300 CONTINUE

^
20 FORMAT(/,2X,tANNUAL DOSE SUMMARY FOR o,IS,' YEARS0
21 FORMAT(2X,'YEARl,5X,5(A10,2X))

r 22 FORMAT(1X,I5,5X,5(1PE9.2E2,3X))
C
C PRINT LONG OUTPUT BY PATHWAY, ORGAN, AND YEAR (IOUT.GT.1)
C

tn IF(IOUT.LT.2)GO TO 999
ITIME=O
DO 500 JTIME=ITI,IT2
ITIME=ITIME+1

q^,t DO 600 IORG=1,NORG
C

^ C PRINT TITLES
C

WRITE(6, 10)
WRITE(6, 11) 7ITLE1

(p. WRITE(6, 12) TODAY, CLOCK
WRITE(6, 25) JTIME,ONA(IORG)
WRITE(6, 14)

C
C, LOOP ON RADIONUCLIDES

DO 700 INUC=1,NONUC
C

ATEMP=AFDOS(ITIME,IORG)
IPFD = 0
IF (ATEMP GT. 0.) IPFD=FDOS(ITil+E,INUC,IORG)/ATEMP*100

C
ATEMP=ADADOS(ITIME,IORG)
IPDAD=0
IF (ATEMP GT. 0.) IPDAD=DADOS(ITIME,IN'JC,IORG).ATEMP*100

1.A-29
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######################O,f########n#####BSBf#################,f####6#8i######`##
# #
# SCENARIO 3: Agricultural Activities #
# This scenario assumes surface contamination (as in Scenario #
# 2) with farming; defaults to 2000 h/yr exposure to surface #
# contamination and inhalation. Anspaugh resuspension model #
# is used. Scenario defaults to total diet of fruits, veg- #
# atables. and animal products grown on the site. The user #

may specify the percentage of soil containing waste in the if
# top 15 cm. if
# #
X Scenario 3 is now selected. Do you wish to change #
# this selection (N/Y): <cr> #
if #
####################################9#####f###################1#############

################################################r.°######.4####################
# #

#

+j1 if if
# #

^ # #

# Enter a descriptive title for this case; if
# SFWLE PROE3EEN TRREE <cr> if
# #

^ # if
# #

in # #
# #ti^^

ky

J It y

#####N########################f########L##############XIr####################

i\9 ############################################################################
# #

r- # #
if This scenario begins 1 years after the waste is if
# disposed. if
# ----------------------------------------------------------`--------- - #
if Do you wish to change this value ( N/Y)2 Y<cr> #
if Enter new value: 10 <cr> if
# if
if if
if This scenario will end 59 years after the waste is #
# disposed. OK? (Y/N) <cr> #
# #
# #
############################9###############################################

Figure 3.4-5. Sample Problem Three Interactive Session ( Continued)

3.37

i^
;i
I ^



APPENDIX I.A CL+Wi11CR CODE LISTIi4e; - FaAXII

100 CONTINUE
C

10 FORMAT(1H1)
11 FORMAT(4X,20A4)

C
12 FORMAT(/,25X,'MAXI, Version VAX2.2 25-APR-84',

.' executed on ',A10,' at ',A10,1.1)
C

13 FORMAT(/,1X,'MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR',
.I5,' FOR',A10)

14 FORMAT(//,28X,'EXPOSURE PAiNWAY',/,17X,'INGESTION',11X.
.'INHALATION',10X,'EXTERNAL'.
.12X,'AQUATIC FOOD',BX,'DRINKING WATER',
.i,1X,'RADIONUCLIDE',3X,
.5t' REM ',9X,'%',SX),/,1X,12('-'),3X,5(16('-'),4X)./)

15 FOHMAT(3X,A2,A6.5X,5(IPE9.2E2.2X,I4.5X))

%0 C
18 FORMAT(1X,112('-'),/,SX,'TOTALS',6X,'INGESTION',4X,1%1,

^ .6X,'INHALATION',4X,'%',6X,'EXTERNAL',SX,'%',
.6X.'AQUATIC FOOD',1X,'%',SX,'DRINKING WATER',1X,

.^ '%',6X,'TOTAL',
.//,16X,5(1PE9.2E2.2X,I4,5X),1PE9.2E2)

co C
27 FORMAT(1X,'DOSE RESULTING FROM CONCENTRATIONS AT YEAR ', 15,

!ra ' OF BIOPORT SIMULATION.')
C
C
C PRINT DOSE BY ORGAN TO FILES FOR PLOTTING IF BIOPORT INPUT

t1,p C
IF (IBIO •EQ. 1) THEN

- C
IU = 40

Lii C
IF (NEXT EQ. 1) 7HEN

fS WRITE (IU,31) TITLE1,(ONA(IORG),IORG=I,NORG)
ENDIF

C
WRITE (IU,32) IBYR, (ADOS(MAXTIM(IORG),IORG),ICRG=1,Nt14''

C
ENDIF

C
31 FORMAT (' ',20A4,//.IX,'Year '.5(2X,A10)/

' ---------- ---------- ---------- ----------
'---------- ----------

C
32 FORMAT (' ',I10,5(2X,E10.3))

C

.
C
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$[d##$$$##$$3T#9##$ff####9FfitF$#)##°#x^Pr$###b°^"#$##F#$$##$$$$L`###&#$###$'d#$##$#####
y $ #

$ Three types of printer reports are available: B

$ #
d 0- Tables of maximum annual dose per organ with radionuclide and if
# pathway contribution if
$ 1- Table above plus annual doses by organ and total #
# 2- Table above plus annual doses by organ, pathway and radionuclide#
# #
# #
if The current selection is: 0 if
if -----------------------`---------------------------------------- if
if Do you wish to change this value (N/Y)? <er> #
if #
#$####$######$#######$##$$,##$#$#####$#$####$#####$####$#o-#$#################

#################$###################$$########$#####,?##################$###
# #
# #

CM- # #

^ # if
^ if Do you wish to modify any parameter values for if

# Scenario 3 (N/Y) ? <cr> if
# $
# #

OD
if if
# #
# #
# #

^. ######$$#######$$####################.4#R8###$###$#$#####d##$###,f&###########

#$$###$#######$$###############$########$#$#$#####$$####$#####$#############
# #

,.^ if The size of the site in terms of fractional hectares if
if (ie., 10000 sq m), is 1.00 if
# -----------------------------------------------------°--------------- - #
# #

Do you wish to change this value?
c

if
if Enter new value: .05 <cr> #
$ #
if The inventory will automatically be adjusted by the if
$ appropriate area correction factor for each exposure if
if pathway based on a site size of 5.000E-02 hectares. if

if Do you wish to review or change the above parameters (N/Y) <cr> {if
###$####$###############$##i#########$##$#############$####$#########m'### ### ^

Figure 3.4-5. Sample Problem Three Interactive Session (Continued)
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!t!'PE6 O1X l.A CODE LISTIEra -- F44XI1

DO 20() INUC=I,NONUC
K=MAXTIM(IORG)

C
ATEMP = AFDOS(K,IORG)
IPFD = 0
IF (ATEMP GT. 0.) IPFD=FDOS(K,INUC,IORG)/ATEMP*100

C
ATEMP = ADADOS(K,IORG)
IPDAD •= 0
IF (ATEMP GT. 0.) IPDAD=DADOS(K,INUC,IORG)/ATEMP*100

C
IPEX = 0
IF (AEXDOS(K) GT. 0.) IPEX=EXDOS(K,INUC)/AEXDOS(K)°100

C
ATEMF' = AARDOS(K,IORG)
IARG = 0
IF (ATEMP GT. 0.) IARG=ARDOS(K,INUC,IORG)/ATEMP*100

C
ATEMP = ADWDOS(K,IORG)
IDW(l = 0
IF (ATEMP .GT.O.) IDWD=DWDOS(K,INUC,IORG)/ATEMP*100

C
WRITE(6, 15) ELTO(INUC),AWO(INUC),FDOS(K,INUC,IORG),
.IPFD,DADOS(K,INUC,IORG),IPDAO,
EX')OS(K,INUC),IPEX,
.ARDOS(K,INUC,IORG),IARG,DWDOS(K,INUC,IORG),IDWD

C
200 CONTINUE

C
IPAF = 0
IPAD = 0
IPAX = 0
IAGD = 0
IDWA = 0
ATEMP = ADOS(K,IORG)

C
IF (ATEMP LE. 0.) GO T0 201

C
IPAF=AFDOS(K,IORG)/ATEMP*100
IPAD=ADADOS(K,IORG)/ATEMP*100
IPAX=AEXDOS(K)/AlEMP*100
IAGD=AARDOS(K,IORG)/ATEMP*100
IDWA=ADWDOS(K,IORG)/ATEMP*100

r,
201 CONTINUE

C
WRITE(6, 16) AFDOS(K,IORG),IPAF,ADADOS(K,IORG),
.IPAD,AEXDOS(K),IPAX,
.AARDOS(K,IORG),IAGD,ADWDOS(K,IORG),IDWA,ADOS(K,IORG)

1.A-27
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#c^######D####,f##SOlSBII#####^##########`#C######e#6##ii£###^°#####8i##b#t########
# #y

# The surface/buried inventory may be entered as: #

# #
# 1-pCi #
if 2 - uCi if

if 3 - mCi if
4 - Ci if

# #_
if The currect selection is: 1 if

if --------------'•-----------_--'•-------------_-_----•'---°-------------••- if

if Do you wish to change this value ( N/Y)Y Y<cr> if

if Enter new value: 4 <cr> if

# #
###################i'##################################################### A##

\ #################/r####################################################### ###

J^ #
if The contamination deposited on the site at start of if^
if calculation may ue entered in the following units: #
# #4^

# 0 - Ci / square meter if
# 1 - Ci /cubic meter if

# 2- Ci / Kg of soil if
# #
# The current selection is: 1 if

^ if
--

if
- ifif ------------------------------------------------°------------------

if Do you wish to change this value ( N/Y)2 <cr> #

# #

^

#############>"###k############################n6##########################$#
^

CV

y ( t

###################R############!f#################1'#########################

# #

- if The surface/buried inventory dilution factcr is: 0.20 #

if (range = 0.0 to 1.0E+20) if

sy if if
if ------------------------ '-------------------------------------------- - #

CA # if
if Do you wish to change this value ( N/Y)Y <cr> if#

#

if if

# ## #.

# #
# #

############################################################################

Figure 3.4-5. Sample Problem Three Interactive Session ( Continued)
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c- -. .. - r -- _______.-__________________

C
SUBROUTINE OUTPUT(NORG,IOUT,KORG,I8I0,IBYR,NEXT)

C
C This subroutine prints a report ef MAXI1 results.
C
C Module of MAXII
C Version of 25-APR-84 RAP
C
c-------------------------------------------------------------------
c
C

COMMON/DATA1/ELTO(50),AWO(50).IOFNUC(50),NONUC,DK(2,50),
.IFRM(2,50),AL(50),AM(50),SOILCN(50),ICNN,AMI(50),AMJ(50),
.IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,IF.XT

C

04 COMMON / JUNK/ DDTT, IT1, IT2. TITLE1(20), TODAY, CLOCK
C

COMMON/DOSE1/EXDOS(50,50),AEXDOS(50),FDOS(50,50,5),
.FADOS(50,50,5),DADOS(50,50,5),ARDOS(50,50,5),DWDOS(50,50,5),

^ AFDOS(50,5),ADADOS(50,5),ADOS(50,5),AARDOS(50,5),
.ADWDOS(50,5)

-- C
COMMON/MXTIM/MAXTIM(5),MAXD(5)

O? C
DIMENSION ONAME(23),ONA(5),KORG(5)

f3 C
CHARACTER*10 ONAME, ONA
CHARACTER*6 AWO
CHARACTER"4 DDTT

C4 CHARACTER*10 TODAY, CLOCK
C

° DATA(ONAME(I),I=1,23)/1TOTAL BODY10BODY WATER',' KIDNEYS v,' L1
.VER #,T SPLEEN 90 BONE 1,' FAT t,? LUNGS 1,v ADRE

^ NALS 10 TESTES 1,1 OVARIES t,t SKIN 10 BRAIN I,t MUSC
LE ','PROSTATE 10 7HYROID 1,' PANCREAS 10 HEART 90 GI-TRA

ON .CT t,v STOMACH I,t SI I,' ULI I,l LLI t/
C
C PRINT TITLES FOR SUMMARY BY ORGAN AND RADIONUCLIDE (IOUT=O)
C

DO 100 IORG=I,NORG
IF (NONUC GT. 20 OR. IORG EQ. 1) W°ITE(6, 10)
IF (NONUC GT. 20 OR. IORG EQ. 1) P...ITE(6, 11) TI?LE1
IF (NONUC GT. 20 OR. IORG EQ. 1) WRITE(6, 12) TODAY, CLOCK
IF (IBIO GT. 0) WRITE(6, 27) IBYR

C ^.._
ONA(IORG)=ONAME(KORG(IORG))
WRITE(6, 13) MAXD(IORG),ONA(IORG)
WRITE(6, 14)

1.A-26
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##N##############################################a###v############/#dA####!#

# #
# #
# ________________________•-___=__________ #

# Do you wish to review or change any of the above parameters (PUY) <cr> #
A` #

# #
# #
# Do you wish to review and/or change solubility classification if

# for each organ for each radionuclide. The default assump- if

# tion is elements are insoluble for lung and soluble for all #

# other organs. (N/Y) <cr> #
# y #
##############################################################

y

'F###########S#

#####################lP#########tr'############################################

# #

# The following questions pertain to the radionuclide #

# inventory. After inputting the inventory, enter if

# 1199" for element name to signal to the program that #

# you are finished. #

# #
# #
if #

# #
# Press <return> when you have finished reading: <cr> #

# #
# #
# #
# #
##k####i4####################################################################

#######################################################J#::##################

# #

# Enter new 2-character element (99=finished): W<cr> #

# #
# Atomic number input can be up to 6 characters long. #

# Include metastable (M) and daughter (+0) designation, (i.e., TE177M,+D) #

# #
# Enter atomic number: 60 <cr> if

# #

# #

# Enter the quantity of C060 deposited on the site at start of #

# calculation (units: Ci /cubic meter ) : .1 <cr> #

# #
############################################################################

Figure 3.4-5. Sample Problem Three Interactive Session (Continued)
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APFPAIX 1.A CO*QtTER CODE LISTaW - PA)(Il

C----------------------------------------------------°---------°------
C

SUBROUTINE MLOAD(ITIME,DEN,)MLF,AIRFA)
C
C This subroutine calculates resuspension using the mass loading

^ C equation.
C
C Module of MAXI1
C Version of 25-APR-84 RAP
C
C-------------------------------------------------------------------------
C
C

DIMENSION AIRFA(50)
C

1 CONTINUE
C

AIRFA(ITIME)=XMLF/DEN/0.15
C

`0 RETURN
C
C------------------------------------------- ---------------------------
C

" END

C^

!fT

t`u9

CV

cr,

r

r
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^ ####^###^###########^####y^#####^#####^##########P###^#^#######^#^^##^######

# .. - .. .. ._ -#

~ # #

# Enter now 2-character element (99=finished): SR <cr> #

# • #
if Atomic number input can be up to 6 characters long. #

if Include metastable (M) and daughter (+D) designation, (i.e., 1E127M+D) #
' # #

# Enter atomic number: 90+D <cr> #
# #

# Enter the quantity of SR90+D deposited on the site at start of if

if calculation (units: Ci /cubic meter ) : .01 <cr> if

# #
# #
##########################################################d#################

############################################################################
# #

- # Enter new 2-character element (99=f inished) : CS <cr> #

# #
N. if Atomic number input can be up to 6 characters long. if

if Include metastable (M) and daughter (+D) designation, (i.e., TE127M+D) #

`' SMJ # Enter atomic number: 137+D <cr> if

# #
-° if Enter the quantity of CS137+D deposited or. the site at start of #

# calculation (units: Ci /cubic meter ) : .1 <cr> #
on # #

Uri if Enter new 2-character element (99=finished): 99 <cr> #

if if
########################################################################## ##

CN #############################################################,g##############
# #
if Surface/Buried Drinking #
if Ci Irrigation Water if

if Radionuclide /cubic meter Ci /1 Ci /1 if

if ------------ ---------- '--------- ---------- if
^ # C060 0.10 O.OOE+00 0,00E+00 if

# SR90+D 1.00E-02 0.00E+00 0.00E+00 #

if CS137+D 0.10 O.00E+00 0.00E+00 if
, # #

# if

if Do you wish to review or change the above parameters (N/Y) <cr> if

if Do you wish to add radionuclides to the above inventory? <cr> if# #

##################################################9####################### ##

,• Figure 3.4-5. Sample Problem Three Interactive Session (Continued)
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' C----------------------------------------------------------- -------
C

SUBROUTINE MAXDOS(NORG)
C
C This subroutine finds the maximum dose for each organ.
C
C Module of MAXI1
C Vertson of 25-APR-84
C
C------------------------------------------------------------------
C

COMMON/DOSE1/EXDOS(50,50),AEXDOS(50),FDOS(50,50,5),FADO'(50,50
.,5),DADOS(50,50,5),ARDOS(50,50,5),DWDOS(50,50,5),
.AFDOS(50,5),ADADOS(50,5),ADOS(50,5),
.AARDOS(50,5),ADWDOS(50,5)

C
0OMMON/MXTIM/MAXTIM(5),MAXD(5)

C^ COMMON/JUNK/DDTT,ITI,IT2,TITLE1(20),TODAY,CLOCK
C

^A CHARACTER*9 DDTT
CHARACTER"10 TODAY, CLOCK

^ REAL*4 MAXID(5)
C

^ CALL ZEROR(5,MAXID)
C

ITIME=O
DO 2 I=1,5

tn MAXTIM(I)=1
2 CONTINUE

DO 100 JTIMi==IT1,IT2
I1'IME=ITIME+1
DO 200 IORG=I,NORG
IF(ADOS(ITIME,IORG).GT.MAXID(IGRG)) GO TO 50
GO TO 60

^ 50 MAXID(IORG)=ADOS(T_TIME,IORG)
MAXTIM(IORG)=ITIME

as
MAXD(IORG)=JTIME

60 CONTINUE
200 CONTINUE
100 CONTINUE

RETURN
C

C-------------------------------------------------------------------
C

END

1.A-24
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(This interactive session generates the following file.)

account-name.STMFZ,CM160000,EC400,T177.
ACCCUNT,account-name,problem-number,problem-number.
ATTACH,TAPE20,FILE20,ID=ZZRNRC.
ATTACH,TAPE21,FILE21,ID=ZZRNRC.
ATTACIi,TAPE24,FILE24,ID=ZZRNRC.
ATTACH.TAPE25,FILE25,ID=ZZRNRC.
ATTACH,TAPE22,PLANSOURC,ID=7ZRNRC.
ATTACH,TAPE27,VOLSOURC,ID=ZZRNRC.
ATTACH,TAPEIO,RMDLIB,ID=ZZRNRC.
ATTACH,TAPE23,F1LE23,ID=ZZRNRC.
ATTACH,ABS,MAXIIA.BS,ID=ZZRNRC.
COPY,ABS,LGO.
RETURN,ABS.
MAP,OFF.
LDSET,PRESET=ZERO.
LGO.
{eor )

L^E SAM°LE PROBLEM 'tHREE
$INPUT NEXT=1,

IFOD=I,IARG=O,IWAT=O,IEXT=O,
ISUR=1, IAIR=0,
RIRR= 150. , IM0=6, RF1= 1.00 , RF2= 0.

t RPF1= 1.00 , RPF2= 1.00
AGE= 0. , XDPT= .670E-01,
RINH= .230000, DILF= 1.00 , XF2= .200E+04,
M3M2= 1, INTRUD=O, 122=0,
IT1= 10, IT2= 59, NORG= 5, KORG(1)= 1, 6, 8,16,23,
SRDIL= .200 , FRSIZ= .500E-01, AREAiN= .500
AREAEX= .805 ,

M IOUT= 0, ION=1, $END
3 0

C%j 0060 11311 1.00E+11 0. 0. 0.
SR90+D 11311 1.00E+10 0. 0. 0.
CS137+D 11111 1.00E+11 0. 0. 0.
{eor 1
{eof 1

Figure 3.4-5. Sample Problem Three Interactive Session (Continued)
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50 IF(N2.LE.O) GO T0 55
READ(23,13)((DIN(2,IYR,IOR),IOR=1,5),IYR=1,N2)

55 IF(N3.LE.0) GO TO 60
READ(23,13)((DIN(3,IYR,IOR),IOR=1,5),IYR=1,N3)

6C CONTINUE
13 FORMAT(10X,5E10.2)

C
IF (Ni GT. 50) N1=50
IF (N2 GT. 50) N2=50
IF (N3 GT. 50) N3=50

C IDENTIFY ORGAN AND SCLUBILITY CLASS AND SET
C

D0 300 IORG=1,NORG
DO 400 JORG=1.5
IF(IDORG(JORG).NE.KORG(IORG)) GO TO 400

C
IF(NTR(IORG,INUC).EQ.2) GO TO 420
IF(NTR(IORG,INUC).EQ.3) GO TO 430

410 IF(N1.EQ.0) GO TO 300
DO 411 IYR=1.N1

411 INDOS(IYR,INUC,ICRG)=DIN(1,IYR,JORG)
GO TO 300

420 IF(N2.EQ.0) GO TO 300
DO 421 IYR=1,N2

421 INDOS(IYR,INUC.IORG)=DIN(2,IYR,JORG)
GO TO 300

430 IF(N3.EQ.0) GO TO 300
D0 431 IYR=1,N3

431 INDOS(IYR.INUC,IORG)=DIN(3,IYR,JORG)
GO T0 300

400 CONTINUE
300 CONTINUE
200 CONTINUE

C
C IF NO NUCLIDE MATCH IN 200 LOOP, READ PAST LIBRARY DATA
C

N4=N1+N2+N3
IF(ICHK.EQ.0) CALL DUMMY(N4)

C
100 CONTINUE

RETURN
C
C-------------------- "----------------------------------------------------

END

1.A-23
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MAXI - Maxlmum Annual Dose Calculation Version VAX2.2 25-APR-84
Executed on 3-MAY-84 at 08:07:59

Case title:SAMPLE PROBLEM THREE

--------------------------------------------------------------------------------

RADIONUCLIDE CHAIN LIBRARY USED: RADIONUCLIDE MASTER DATA LIBRARY /w TRANSLOCATION CLASSES, 6-APR-84 RAP
DOSE FACTOR FILES USED FOR THIS CASE:

*2U FOOD-LEAF: Leaf Incremental Dose Factors for the ONSITE/BIOPORT
*21 FOOD-SOIL: So11 Incresnental Dose Factors for the ONSITE/BIOPORT
*22 SHALLOW EXTERNAL: ONSITE/BIOPORT EXTERNAL DRFS FOR SURFACE (PLANE SOUR
*23 DACRIN-INHALATION: DOS) DOSE INCREkENT FILE ONSITE/BICPORT ENV. 16-APR-84 RAP

DOSES CALCULATED FRDM 10 TO 59 YEARS FOLLOWING TIME ZERO

PATHWAYS INITIALIZED FOR DOSE CALCULATIONS:
FARM PRODUCT INGESTION: ON
INHALATION OF RESUSPENDED MATERIAL:ON
AQUATIC FOODS INGESTION: OFF
DRINKING WATER INGESTION: OFF
CONTINUING ATMASPHERIC DEPOSITION OFF
EXTERNAL FROM BURIED WASTES OFF
EXTERNAL FROM SURFACE DEPOSITS: ON

w
FARM PRODUCT PARAMETERS USED:

FRACTION OF ROOTS IN UPPER SOIL: 0.10E+01
FRACTION OF ROOTS IN BURIED WASTE O.00E+00
FRACTION OF TOTAL DIET GROWN ON SITE: 1.00E+00

SPECIAL PARAMETERS 1NITIALIZED:

INVENTORY DILUTION FACTOR: 2.00E-01
DECAY OF RIVER RELEASE SOURCE TERM NOT PERFORMED
DECAY OF AIR RELEASE SOURCE TERM NOT PERFORMED
SITE X/Q: D.OOE+00
SPECIAL INHALATION MODEL NOT USED
SIZE OF THE SITE: 0.05000 FRACTIONAL HECTARES
INTERNAL PATHWAY AREA CORRECTION FACTOR: 5.00E-01
EXTERNAL PATHWAY AREA CORRECTION FACTOR: B.OSE-O1

IRRIGATION P.ATE: 1.50E+02L/M**2/MO
MONTHS PER YEAR IRRIGATED: 6
RIVER DILUTION FACTOR: 1.00E+OOYR/L
YEARS OF IRRIGATION WITH CONTAMINATED WATER PRIOR TO

THE DOSE CALCULATIONS: 0
EXTERNAL EXPOSURE PARAMETERS USED:

RATIO OF EXTERNAL CONTAMINATION IN SURFACE SOIL TO SUBSURFACE SOIL 1.00E+00
NUMBER OF HOURS OF EXPOSURE TO EXTERNAL CONTAMINATION 2.00E+03
SURFACE DEPOSITS DRFS FROM ISOSHLD; MODIFICATION FACTOR: 5.844E-11

INHALATION PARAMETERS USED:
MODIFICATION FACTOR , RINH: 2.30E-01

(EQUIVALENT TO BREATHING RATE OF 230 CC/SEC FOR 2016. HR/YR)
RESUSPENSION MODEL USED FOR CALCULATING AIR CONCENTRATION: ANSPAUGH
AVERAGE AGE OF MATERIAL ON GROUND AT TIME ZERO: O.OOE+OO YEARS
TOP 1.0 CM OF THE CONTAMINATED SURFACE LAYER IS AVAILABLE FOR RESUSPENSION.

ORGANS FOR WHICN DOSES ARE CALCULATED (SAME ORDER AS SOL(BILITIES GIVEN BELOW):

TOTAL BODY BONE LUNGS THYROID GI-LLI

Figure 3.4-6. Sample Problem Three Output
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C
SUBROUTINE INSET(NORG,KORG,NTR,TITLDI)

C
C INSET reads the inhalation dose conversion factor file from the
C file assigned to logical unit 23.
C
C Module of MAXI1
C Version of 25-APR-84 RAP
C
C--------------------------------------------------------------------
C

COMMON/DATA1/ELTO(50),AWO(50),IOFNUC(S0),NO'IUC,DK(2,50),
.IFRM(2,50),AL(50),AM(50),SOILCN(50),ICHN,AMI(50),AMJ(50),
.IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,IEXT

C
COMMON/DATA2/DFDOS(50,50,5),AIDOS(50,50,5),:tiJDOS(50,50,5),DEXT(50)

CXl$ .,ARGF(50,50,5),ARDW(50,50,5),DEDXT(50)
C

E1'i DIMENSION NTR(5,50),KORG(5),U:ORG(5),TITLDI(15),DIN(3,51,5)
C

--- CHARACTER AWO*6,AWD*6
REAL*4 INDOS

^ C
1 CONTINUE

Cn CALL ZEROR(12500,INDOS)
READ(23,10)NDI,TITLDI

10 FORMAT(I5,15X,15A4)
READ(23,11)(IDORG(I),I=1,5)

11 FORMAT(5IS)
C

C%j C LOOP ON NUCLIDES IN DACRIN-GENERATED FILE 23
C

° DO 100 IDI=1,NDI

READ(23.12)ELID,AWD,NI,N2,N3
12 FORMAT(A2,A6,2X,3I5)

0% ICHK=O
C
C MATCH WITH DESIRED NUCLIDES, INCLUDING DAUGHTERS
C

DO 200 INUC=1,NONUC
C

IF(ELTD.NE.ELTO(INUC).OR.AWD.NE.AWO(INUC)) GO TO 200
ICHK=1

C READ ALL DATA FOR FOUND NUCLIDE INTO TEMPORARY ARRAY LOCATION
C

IF(N1.LE.Q) GO TO 50
READ(23,13)((DIN(1,IYR,IOR),IOR=1,5),IYR=1,N1)

.^\`
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INPUT PREPARED BY ___ DATE

INPLT 61ECKE0 BY OATE=fAy

s

RELEASE TERMS SOIL SOURCE IRRIGATATION/AQUATIC DRINKiNG NLTER ATM. RELEASE
MUCLJDE ORGAN SCLIbILITY CLASSES ( PCI/M-a3) ('CI/L ) (PCI/U (CI/YR)

CO 60 1 1 3 1 1 2.00E+:0 0.DOE+00 0.00E+0"v 0.00E+00
SR 90-D 1 1 3 1 1 2.GOE+CS O.OOE.00 0.00E^00 O.00E+00
CS 137+0 1 1 1 1 I 2.00E+20 O.00E+00 0.00E-00 O.OOEf00

n..nu....n.nnap(,EASE NOTE ANY SPECIAL CONSIDERATIONS IN TdIS SPACE•••r.eu..rnrnuaa
. f
a •
. .
a.annene.un.l.eer.(.n.nnfxrlfe...11l.111..1.e/Il.le..l'n.ef nenllfaann.Yf u 1u....Gllr

W

Q

SOIL.AIP.. AND WATER CONCENT RAT.ON SUMb'ARY FOR ME YEN2 10

RADI00A)CLICE SURFACE SOIL DEEP SOIL AIR IRRIGATI07 iniINKIW5 WATER
PCI/142 PCI/M3 PCILM3 PCI/L PC1/L

CO 60 8.03E+08 0.001.00 5.3eE+03 0.0DC.00 0.00E.C0
SR 90•D 2.35E+08 O.OOEf00 1.58E•03 O.00E+00 0.00E+x
CS 137•0 2.38E+09 0.00E400 1.60E•04 0.OOE•00 0.00E+00

SOIL,AIR, AND WATER (7JNCENTRf.TJOf. SU)BMAP.Y FOR THE YEAR 59

RADIONUCLIOE SURFACE SOIL DEEP SOIL AIR IRRIGATION CRINkING WATER
PCI/M2 PCI/43 PCI/M3 PCI/L PCI/L

CO 60 1.26E+06 0.00Ea00 8.42E-05 0•OOE+00 O.OOE4OJ
SR 9CtD 7.14E.07 C.ODE400 4.718E-03 O.OOE•00 O.OCE•00
CS 137•D 7.72E+08 0.00E.00 5.17E-02 G.00E+00 0.00EM0

Figure 3.4-6. Sample Problem ;hree Output (Continued)
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^

^ AFPEira^IX 1.A fx(-IP3DTER ODDE LISTIFtS - M,AXI1

C-------------------^----°------°----------------'--------°----------
:. C

SUBROUTINE IDNUC(NUC,ELT,AW,ELTI,AWI,NIN,NGHN,NFLAG,NFLAGC)
C
C THIS MODULE IDENTIFIES NUCLIDES IN INPUT INVENTORY
C
C Module of MAXI1
C Version of 25-APR-84 RAP

r C
C--------------------------------------------------------------------
c

DIMENSION NFLA.GC(200),NCNN(300)
DIMENSION ELT(300),AW(300),ELTI(50),AWI(50),NFLAG(300)
CHARACTER P.W*6,AWI*6

C
C INITIALIZE COUNT INDEX ON UNIDENTIFIED NUCLIDES

4 CONTINUE
ISTOP=O

^ C
C LOOP ON NUCLIDES INPUT. TEST AGAINST MASTER LIST.
C

CALL ZEROI(200,NFLAGC)
^ CALL ZEROI(300,NFLAG)

DO 3 IN=I,NIN
D01 IL=1,N'JC
ILN=IL

Cu? IF(ELT(IL).NE.ELTI(IN)) GO TO 1
IF(AW(IL).EQ.AWI(IN)) GO TO 2

!f? IF(AW(IL).EQ.AWI(IN)) GO TO 2
1 CONTINUE

"Tk" C
C NO MATCt1 IN LIBRARY FOR INPUT NUCLIDE. PRINT NAME OF UNKNOWN NUCLIDE

ISTOP=ISTOP+1
PRINT 100, ELTI(IN),AWI(IN)

^ GO TO 3
2 NFLAG(IL)=IN
NFLAGC(NCHN(IU )=1

3 CONTINUE
^ IF(ISTOP.LT.1) RETURY

C
C PRINT TOTAL NU^'^$ER OF UNKNOWN NUCLID'cS AND STCP.
^

PRINT 200, ISTOP
100 FORMAT(1H0,t DIAGNOSTIC 11: UNIDENTIFIED NUCLIDE 1,A2,A6)
200 FORMAT(1H0,v DIAGNOSTIC 12: THERE WERE UNIDENTIFIED NUCLIDES,

.'ISTOP = t,I3)
STOP

C----------------------------------------------------------------------------
END
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9 2 1 2 4 3 8
-

1 0
--

7 5

SAMPLE PRCOLEM TiREE
MAX I. Version YAX2.2 25-PFR-84 ezecuted on 3-MAY -84 at 08:07:59

MAXIHIM A':NUAL DOSE SUIB4ARY FOR THE YEAR 10 F ORTDTAL GODY

EXPOSURE PATIWAY
INGESTION INHALATION EXTERNAI ACUATIC FOOD DRINKINYI WATER

RADIONUCLIDE REM x REM ; R;u R PE M S REM f
------------ ---------------- ----------'----- ------- "-------

C6 1.14E-01 1 3.22E-02 6 7.41E+G0 57 0.00E+00 0 0 00E•00 0
SR90+D 1.26E+00 14 9.64E-02 20 4.80E-03 0 0 .00E+00 0 0.00E•00 0
CS137+D

--------------

7.34E.00

-------------

84

--------

3.42E-01

-----------

72

.-------

5.37E+00

-----------

42

-----

0.00E400 0

- ----

0.GOE+00 0

TOTAIS InGESTION S
-

IMIALAIiDN i
-

EXTERNAL
-

S
---- -----------

A(53ATIC FOOD S
------------

D.TINKIhU
-------
WATER E TOTAL.

8.72E+00 39 4.70E-01 2 1.28'EIC1 56 O.OC"c-00 0 0.00E+00 0 2.20E+01

MAXIMJM AAWIUAL DOSE SU144ARY FOR THE YEAR 27 FOR BON E

EXPOSURE PA1HtlAY
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRIhKING WATER •

RADIONUCLIDE REM 7. REM h REM f. REM x RF4 t
------------

C060

--------."--

O.DDE+00

---- -
0

-----------
O.00E+00

"---
0

------------
7.88E-01

----
17

----------------
O.00E+00 0

----------
O.00E+00

------
0

SR90+D 5.04E+01 99 7.36E-01 99 3.17E-03 0 0.00E+00 0 0.DOE+00 0
C5137+0

--------------
1195E-01

-------------
0

--- --
8.37E-06

-- - ---
0

--
3.63E+00
---

82 O.00E+00 0 0.00E+00 0

TOTALS INGESTION

---

S

- ----- -

INHALATION

------

x

- --------

EXTERNAL

-'---

x

--------------------

ApUATIC F(i0D S

------------ .'---"
DRINKING WATER f TOTAL

5.06E+01 90 7.36E-01 1 4.42E+00 7 O.00E+00 0 O.OOE400 0 5.58E+01

MAXIM,JM ANNUAL DOSE SUMMARY FOR THE YEAR 11 FOR LUNGS

EXPOSURE PA7HXAY
INGESTION INHALATION EXTERNAL AQUATIC F00D DRINKING WATER

RADIONUCLIDE

-----------

REM

--- -----

E

-

REM

- --

S

-

REM % REM S REM. S

CO60
---

O.00E+00
----

0
---------
4.81E+00

---
62

-----------
6.49E+00

-----
55

-------------
O.00E+00

---
0

---------

O.00E+00

------

0
5R90+D 0.OOE+00 0 2.82E+00 36 4.68E-03 0 0.00E+00 0 0.OOEa00 0
CS137+D

----------"

9.19E-01
-.'- -- '

100 4.46E-02 0 5.25E400 44 0.00E00 0 0.ODEM0 0
--

TOTALS
---- --
INGESTION

--- '---
S

--------------

INHALATICN

------

S

-------------

EXTERNAL

-------

x

--------------------

AOUATIC FOOD R

--------------"'--
DRINKING WATER x TOTAL

9.19E-01 4 7.68E+00 37 1.17E+01 57 0.OOE+00 0 0.00E+00 0 2.03E+01

Figure 3.4-6. Sample Problem Three Output (Continued)
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^".cMZX laA MPUTfM (xiR)c' LIS77,N^a - V-1XII,

C--------------------------------------------------------------------°----
C

r SUBROUTINE DUMMY(N)
C
C THIS ROUTINE READS PAST UNL'iED ENTRIES IN FILE 23
C
C Module of MAXI1

- C Version of 25-APR-84 RAP
C
C-------------------------------------------------------------------------
c
C

DO 100 I = 1,N
READ(23,10)

10 FORMAT (1X)
100 CONTINUE

C
RETURN

C
C------------------------------------------ -°------------------------------

Lo C
END

in

"r

(^!

Cr

1.A-20
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, , . 9 Z 1 24 a8 i0 7 6
a v

MAXIF:JM AyNUAL DOSE SUMMARY FOR THE YEAR 10 FOR THYROID

EXPOSURE PAINWAY
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER

RADIONUCLIDE
____________

REM
____________

%
____

REM
____________

%
____

REM
___________

%
_____

REM
_________

£
_______

REM
_________

£
_______

C060 O.00E+00 0 0.00E+00 0 7.41E+00 57 O.OOE+00 0 O.OOE+00 0
SR90+0 O.OOE+00 0 O.OOE+OO 0 4.80E-03 0 O.OOE+00 0 O.00E+00 0
CS137+D

_____________
0.00E+00

--_______-__-
0

__-_____
0.00E+00
-__-__-_____

0
-__-__-_

5.37E+00
_ __ __

42 O.OOE*00 0 O.OOE+00 0

TOTALS INGESTION £ INHALATION £

_ __ __-

EXTERNAL

_____-_

£

_-__-__-___

AQUATIC

____-__-_

FOOD £

_-___-________-_-_

DRINKI.46 WATER £ TOTAL

O.OOE+00 0 0.00E+00 0 1.28E+01 100 O.00E+00 0 O.OOE+00 0 1.28E+01

MAXIMUM PNNUFL DOSE SI,HNARY FOR THE YEAR 10 F OR LLI

rn

EXPOSURE PATHWAY
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER

RADIONUCLIDE
____________

REM
____________

£
____ _

REM
___________

£
____

REM
_____-____

S
_____

REM
---------

£
-------

REM
___-______

S
___-_

C060 1.12E+00 30 2.91E-02 59 7.41E+00 57 0.00E+00 0 O.OOE400 0
SR90+D 2.21E+00 59 1.50E-02 30 4.80E-03 0 O.OOE+00 0 O.00E+00 0
CS137+D

------ _______
4.02E-01

_______._-__-
10
___--__-

4.61E-03
__-__ _ _

9 5.37E+00 42 O.00E+00 0 O.OOE'00 0

TOTALS INGESTION R

- _-_

INHALATION

-__-__-_

£

__-_-_____-

EXTERNAL

-__-_-_

R

____-______

ADUATIC

___-__-__

FOOD £

___-__--__-_--__-__

DRINKING WATER £ TOTAL

3.74E+00 22 4.87E-02 0 1.28E+01 77 0.00E+00 0 O.OOE+00 0 1.66E+01

Figure 3.4-6. Sample Problem Three Output (Continued)
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^. - -- - .
_ ,.

--^

n APPEtdJIX 1.A 0M1TE62 CODE LIS1Z -d G - F4RXI1

IF(NORGL.GT.S.OR.NORGS.GT.S.OR.NGRGA.GT.S.UR.NORGW.GT.5)
GO TO 300

C

RETURN ^' ..
C

100 PRINT 101,NISOL,NISOS,NISOX,NIS`JA,NISOW
GO TO 400

200 PRINT 201,NYRL,NYRS,NYRA,NYRW
GO TO 400

300 PRINT 301,NORGL.NORGS,NORGA,NORGW
400 STOP
101 FORMAT(1H1,' DIAGNOSTIC 8: NUMBER OF ISOTOPES FOR DFREAD OUT OF BO

.UNDSI,/,5(5X,I5))
201 FORMAT(1t11,' DIAGNOSTIC 9: NUMBER OF YEARS FOR DFREAD OUT OF BOUND

.S',/,4(5X,I5))
301 rORMAT(1H1,' DIAGNOSTIC 10:NUMBER OF ORGANS OUT OF BOUNDS FOR DFRE

.AD',/,4(SX,I5))
C

^ C ------------------------------------------------------------------------Ln

in
END

or}

C\t

, ...

1.A-19



^ _._ .
^.^ ..e... ._ _ . .. __.a.,-.,^•:.• ,_._ ---^

^ FFFFfF1^FfFYFfFFAfFYYfffFFfHBBBFQYBF#fBYFFFFfBFBFBQH'FRBBFFFffffffFHfflFFFYfFF
F d
Y zzsc:.zseumscacnsass

I ONSITE/t4A.tI F
Y azaacczcszazacacacc f

F F
r F This interactive program will assist you in the creation I

F of scenarios for assessment of onsite disposal of low- I
f level waste. Doses to man through the speciftod pathways I
F will be simulated by the computer program MAX!. F
F F
F The following notes may be of interest: F
Y When you have finished readtng, r;®ss <return>. <cr> F
F H
YYFlfFAFFFfHYflBfFFFfQlQrrFfffFFFFFlffQFfFfFf6fFFFHfFFFfffQFfYffflFFFfdFfHHfF

QFFYQFFYfFYlfH3fYHFHfFFCFRfffYFFFYlf!r`FFlFBFFrt^fRBAFFBfflRfFBfYFBHFlBffYfffBf

y*_,, Y F
Y 1) If the default condition is selected, you need only F
Y press <return,, YES••or-ND questions are designated by F
F (Y/N) and should be answered with a Y or N. The defa,:lt I

C) F condition Is always listed first. F
f B

2) The values you enter will be tested acainst reasonaaie F
Q limits and if they are not accepted you sill to asked to F
F supply another value. f
F F
F When you have finished reading, press <return> <cr> F
Y Q
Y !
YFFfYFQF:JQFFFFFFAFHlYHHFBHYFFHFYFBFFBQFFYFFOFFQFBFFYBYFFSFfQFlfBfFBffFF QFfF

t%t
FFFFFFYFFFFFFYFFFRFBFFYfYfffFFFFFYFdfFfffFFfdFBYlYFQiffFBFFfFFFYYfFF,Plff fBQD
F F
F The followinq scenarios have boon defined: H

LV Q F
F 1 - External exposure I
F 2 - External exposure plus inhalation from resuspunsion F
F 3 - Agricultural activities F
F 4 - Use of well water for irrigation and drinking water F
F 5- User-created scenario F
F F
F F
Q To select a scenario or for additional information F
Q on a scenario enter 1, 2, 3, 4, or 5: 4 <cr> F
F f
fQFYFFFFQFYFfFFfFYffFfFFYYFFFFfFFFFFFffFfdfFFFFfffQfAdFBfBYfFHYFFfYFfY^FFYfFF

Figure 3.4-7. Sample Problem Four Interactive Session
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R.°PUIDIX 1.A 0X..s+i1TF18 CODE E.ISTI63a - N4XI1

12 CONTINUE
62 CONTINUE

C
15 CONTINUE

GO TO 65
C
C READ EXTERNAL EXPOSURE b"ECNANISM DATA
C

63 CONTINUE
. REWIND 22

READ(22,600 TIT22
READ(22,3)ID,NISOX

3 FORMAT(SX,A4,lI5)
DO 20 IS0=I,NISOX
READ(22,4)ELTX,AWX,9FXT
IF (ELTX.NE.E OR. AWX.NE.A) GO TO 531
DEXT(INUC) = DFXT
GO TO 65

531 CONTINUE
20 CONTINUE

C
^ G0 T0 65

C
^ 64 CONTINUE

REWIND 27
... READ(27,600)TIT27

READ(27,3) ID,NISODX
DO 30 ISO=1,NISODX
READ(27,5) ELTDX,AWDX,DFDXT
WRITE(6,5)ELTDX,AWDX,DFDXT
IF (ELTDX.NE.E OR. AWDX.NE.A) GO TO 541
DEDXT(INUC) = DFDXT
GO TO 65

{VI 541 CONTINUE
30 CONTINUE

-- 31 CONTINUE
4 FORMAT(A2,A6,E7.1)

S!i 5 FORMAT(A2,A6,E7.1)
C

t7` 65 CONTINUE
C
C PRINT DIAGNOSTIC MESSAGES, IF ANY, AND STOP
C

IF(NISOL.GT.100.OR.NISOS.GT.100.OR.NISOX.GT.100)
.GO TO 100
IF(NISOA.GT.100.OR.NISOW.GT.100) GO TO 100
IF(NYRL.GT.50.OR.NYRS.GT.50.OR.NYRA.GT.SO.OR.NYRW.GT.50)
.GO TO 200

• C

„i

'^^



^
$

OB#FFFFFFFFFFFFFFFFFFFFGFSFBFFFFFFFFFFFFFFBFFFFFFFFFFFFFFFlFFFFFFF6`FFFFFFFffiF^
F F
I SCENARIO 4: Irrigation and Drinking Water F
F R
F This scenario accounts for the use of well or river water F
F for irrigation and drinking. Assumes an irrigation rate F

^ F of 150 I/sq m/mo for 6 months. Defaults to Anspaugh model if
I for inhalation. Assumes total diet and 1.2 liters/day of if
if drinking water. F
F #
F #
I Scenario 4 is now selected. Do you wish to change if
F this selection (N/Y): <cr> if
8 F
F#FF#FFFFA#FFffiFFFFF9FFFFFFFFFFFFFF#FF#FFiF#FFFFFFFF###F9#FFFFF#1'#F##n#$# FFG#

f3FBFFlF##&`ffiFFiffiFFFF6ffiFFOFFFFFFFFFFFFFF#FFFFFFFFfFF#6F#^`FFF6FFFFFP##F##FF###

co f if
F F

p\ F #
F Entet a descriptive title to identify this casd: F

SA'?!.E F'RfBt.Ef3 FOiR <cr> #
F if

...^ ! #
F if

OD F if
F if

?? 1 if
F #

#
FFFFFFSFF6FF#FP#FFFFFFlFFFFFFFFFFF6FF##FF#FFFFFFFFF#/l#FFF#tF##F##fFF#F#F## ##

^
fFFFFFFF/iF,BFFFFFFFFFFFFFFFFFFFF#FFFF6FFdFF#FFF&FF###FF##AFFF#FFFF#FF#FFF#F#

- F #
8 This scenario begins 1 years after the waste is if

nV F disposed. #
F ----_ _-..-..-___---------__--------------------- ----------------- #

Q` F #
F Do you wish to change this value (N/Y)7 Y<cr> F
F Fnter new valuo: 10 <cr> if
F #
F #
F This scenario will end 59 years after the waste is F
F disposed. OK? (Y/N) <cr> if
F #
F if
FFFFFFFFFFFFFFffi#FFFFFFFFFlFFFF#FFF6FFF#FFF#F#FFF#d^.lF#FF#FFF##FF#F###F##F #°

Figure ?.4-7. Sample Probleo Four Interactive Session (Continued)
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/

a
BrPF'EFd)Ix a.A COM'USFR tX1DE LISTE6G - F4AXIi

DO 502 ?ORG = 1, NORG
DO 503 IOR = 1, NORGL

IF (KORG(IORu^).NE.KORGLS(IOR)) GO TO 504
^ DFDOS(IYR,INUC.IORG)=OINCS(IOR)

AIDOS(IYR,INUC,IORG)=DINCL(IOR)
504 CONTINUE
503 CONTINUE
502 CONTINUE

GO TJ 15
501 CONTINUE
10 CONTINUE
60 CONTINUE

C
6 , C

IF (IRAP ..NE. 2) GO TO 61
1)^§ DO 11 ISO m 1, NISOA

READ(24,2) ELTA,AWAW,(DINCA(IOR), IOR-I,NORGA)
r.. C WRITE(6,8871) IYR,ELTA.AWP.W,(DINCA(IOR),IOR=1,NORGA)

C 8871 FORMATW READ YR: 1,14,2X,A2,A6,2X,SE10.2)
-- IF (ELTA.NE.E OR. AWAW.NE.A) CrJ TO 511

DO 512 ?ORG = 1. NORG
tY.} DO 513 IOR 1, NORGA

€lll ^IF (KORG(IORG).NE.KCRGA(ICR)) GO TO 514
S.fS ARGF(IYR.INUC,ICRG)=DINCA(IOR)

C WRITE(6.8870) IYR,INM,IORG,ARGF(IYR,INUC,IORG)
'7 C 8870 FORMAT0 IYR, INUC, IORG: l,3I5,2X,1PE10.2)

514 CONTINUE
04 513 CONTINUE

512 CONTINUE
- GO TO 15

511 CONTINUE
04 11 CONTINUE

61 CONTINUE
^ C

C
IF (IRAP NE. 3) GO TO 62
DO 12 ISOa1,NISOW

REAO(25,2)ELTW,AWW,(DINCW(IOR), IOR=I,NORGW)
2 FORMAT (A2,A6,5E12.2)

IF (ELTW.NF.E OR. AWW.NE.A) GO TO 521
00 522 IORG = 1, NORG

DO 523 IOR = 1, NORGW
' IF (KORG(IORG).NE.Y.ORGW(IOR)) GO TO 524

ARDW(IYR,INUC,IORG)=DINCW(IOR)
524 CONTINUE
523 CONTINUE
522 CCNTiNUE

GO TO 15
521 CONTINUE

1.A-17
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##################################6#fi#######################################
# #
# Three types of printer roports are available: #
# #
# 0- Tables of maxim:rn annual dose per organ with radionuclide and #
# pathway contribution if
I 1- Table above plus annual doses by organ and total #
if 2- Table above plus annual doses by organ, pathway and radionuclide#
# #
if The current selection is: 0 #
# #
if --------------------------------------------°----------------------°-- if
if Do you wish to change this value (WY)? <cr> #
# #
################################################################F###########

^' ####&#####################4#################################E###############

# .^ C C ^ ^ - CL #

# #v

# Do you wish to modify any parameter values for if
if Scenario 4 (N/Y) ? <cr> #
# #
# #

J.<f if
# #

-^. if Do you wish to review or change any of the above parameters (N/Y) <cr> if
if #

04 # if
###########################################################N################

^ ############################################################################

#

if #

if Do you wish to review and/or change solubility classification #
# for each organ for each radionuclide. The default assump- if
if tion is elements are insoluble for lung and soluble for all #
if other organs. (N/Y) <cr> #
# #
# #
# #
# #
# #
# #
########################€###################################################

Figure 3.4-7. Sample Problem Four Interactive Session (Continued)
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^.a. -. ._. C.._ _-..... ._: .. _ . . . . _ „ ,_ . . . - ^ . . ,. ... _ . .-......--.. ..^...-....__^.. ^

kV`1'c:1lIX I.A "HaM61IER COM LISTIFa - F:.a.XI1

^

READ(20,600)TIT20
600 FORi4AT(13A4)

READ(20,1)ID,NYRL,NISOL,NORGL
READ(20.7)(KORGLS(I),I=1,NORGL)

. READ(21,600)TIT21
READ(21,1)ID.NYRS,NISOS,NORGS
READ(21.7)(KORGLS(I),I=1,NORGS)

1 FORkIAT(5X,A4,3I5)
7 FORMAT(5I5)

ENDIF
C

IF (IRAP EQ. 2) THEN
REWIND 24
READ(24,600)TIT24
READ(24,1)ID,NYRA,NISOA,NORGA
READ(24,7)(KORGA(I),ISI,NORGA)

^ ENDIF
C

^ IF (IRAP EQ. 3) TREN
REWIND 25

^ READ(25,600)TIT25
READ(25,1)ID,NYRW,NISOW,NORGW

fl(T READ(25,7)(KORGW(I),I=1,NORGW)
ENDIF

La1 C
51 CONTINUE

:b' C
C LEAf.SOIL,AQUEOUS FOOD AND DRINKING WATER DATA IN BLOCKS

4!4 C
IF (IRAP EQ. 1) NYR = NYRL

-- IF (IRAP EQ. 2) NYR = NYRA
IF (IR°.° .EU. 3) NYR = NYRW

i\1 C
DO 15 IYR=I,NYR

^ IF(IRAP.M1E.1) GO TO 56
READ(20,25)
READ(21,25)

55 IF(IRAP.NE.2) GO TO 57
READ(24,25)

57 IF(IRAP.NE.3) GO TO 58
READ(25,25)

58 CONTINUE
25 FORMAT(1X)

C
IF (IRAP NE. 1) GO TO 60
00 10 ISO = 1, NISOL

READ(20,2) EL''LS,AWLS,(DIN(X.(IOR), IOR=1,NORGL)
READ(21,2) ELILS,AWLS,(DINCS(IOR), IOR=I,NORGL)
IF (ELT(.S.NE.E OR. AWLS.NE.A) GO TO 501

1.A-16



^ _ _^- _ _ •.-.,^,--a

a

dPfffDdtDfDB#R#fdBdRRtdffIIDffrRt€Dftf#fDRRfdfdDRf88fffdffddflfDRBDBffRR##fff
R D
# r
r The following questions pertain to the radionuclide I
I inventory. After inputting the inva:tor-y. enter r
if "99^ for element name to signal to the program that d
I you are finished. I
r r
R R
d sccccassa¢ssm.vsss¢sccx¢cea¢asacesa¢c,anvcccscscs¢c¢xcrosccc¢csacusccsc

R f
R Press <return> when you have finished reading: <cr> R
f f
f r
df8f#dRfR#ffRdffdfd#d8df#RDfBBf#fd#R#ff8dfdd#RBfRdRD###d#DRfBdDd#BfRffd8fP8R

C)

#fBdRddRrR#F€DffR€##RRfdRRfd#Pf#FdfdrdBffDRD#RRfR#fR#ffd#RRDRRRBDdRRdfdfdRDf
R Enter new 2-character element (99=ftntshed): CO <cr> R

C)
a f
f Atomic number input can be up to 6 characters long. f
f Include metastable (M) and daughter (+D) designation, (i.e., TE127M+D) D
if Enter atomic number: 60 <cr> F

^ d if
if To consider only irrigation or only drinking water contamination, R
# enter zero quantity for the other pathway. f
d d

.^- if Enter the concentration of C060 in the irrigation water at start of#
if calculation (units: pCi/liter): .1 <cr> if
if Enter the concentration of C050 In the drinking water at start of R
if calculation (units: pCi/liter): 10 <cr> if

_ #D#f##R#d#f#R#DffRfPR#Dd#B#d###Rdf#BRR##dFfRRRffR#d€d#t#dfRdfRR#RDdf#8€8ff#f

C4 #€#f##f#fPDRdDff#R#R#BRD#dDR#R#8d#ffdR#RRP€d##fRdR#RDdfDD#€RfR###RRRDRff#RRd
if Enter new 2-character element (99=finished): SR <cr> R

p% R
f Atomic number input can be up to 6 characte^s long. R
R Include metastable (M) and daughter (+D) designation, (i.e., TE127M+D) d
if Ent?r atomic number: 9040 <er> if
# R
if To consider only irrigation or only drinking water contamination, r
P enter zero quantity for the other pathway. d
# R
d Enter the concentration of SR90+D in the irrigation water at start of#
d calculation (units: pCi/liter): .1 <cr> #
# Enter the concentration of SR90+D in the drinking water at start of if
# calculation (units: pCi/11ter): 10 <cr> R
ff#R##df#RD#f#R####fdd#D######8####d##Dddf#f#DD#R#dR#B#f#f#ff##f#f#d##RR#ffR

Figure 3.4-7. Sample Problem Four Interactive Session (Continued)
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...,...^y ....^........-. . -._.__...--'------.__.__^.R^
3

P6"F`'cMkX 1.N COHNM OWE tIS'PlWa - C*>AXI1t

C-------------°----------------------------------- ------------------
C

SUBROUTINE DFREAD (IRAP,E,A,NORG,KORG,INUC)
C
C This subroutine reads dose conversion factors from assigned
C libraries for the surrent radionuclide.
C
C Module of MAXI1
C Version of 11-MAY-84 RAP
C
C--------------------------------------'•------------------------------
C
C

C0.M1M1N/DATA1/ELTO(50),AWO(50),IOFNUC(50),NONUC,DK(2,50),
.IFRi4(2,50),AL(50),At4(50),SOILCN(50),IGHN,4iI(50),AM,1(50),
IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,IEXT

C
COMMDN/TITLS/TIT20(13),TIT21(13),TIT22(13),TIT24(13),
TIT25(13),TIT27(13)

C COMMN/FREAD/ELTLS(100),AWLS(100),ELTX(100),AWX(100),
C .DFXT(100),
C .NYRL,NYRS,NORGL,NORGS,NISOL,NISOS,NISOX.,
C .NYRW,NYRA,NORGW,NORGA,NISOW,NISOA,ELTA(100),AWAW(100),
C .ELTW(100),AWW(100),ELTDX(100),AWDX(100),DFDXT(100) NISODX^
C

,

C
COMMON /DATA2/ DFDOS(50,50,5),AIDOS(50,50,5),INDOS(50,50,5).

DEXT(50),ARGF(50,50,5),ARDW(50,50,5),DEDXT(50)
C

^ REAL INDOS
DIMENSION KORGLS(5),KORGA(5),KORGW(5)
DIMENSION KORG(5)

C

CT% DIMENSION DINCL(5), DINCS(5), DINCA(5),
DINCW(S)

C
CHARACTER"6 AWLS,AWX,AWO,AWAW,AWW,AWDX,A

C
C READ LEAF AND SOIL MECHANISM DATA
C

500 CONTINUE
C

IF (IRAP EQ. 4) GO TO 63
IF (IRAP EQ. 5) GO TO 64

C
IF (IRAP EQ. 1) THEN
REWIND 20
REWIND 21

1.A-15
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a

B#BJPlFBBf!#ilFfftP€F€Af#lfPt9PBfi#P#BFfBlff€fitiEf!#BBBBJ#JfPBJBfBJ/J$€JBII#
P Ent•,r new 2-character o7wunt (99•ftnishod): I<cr> I
B if
I Atcctic number tnput can be up to 6 characters long. B
J Ir,c)uoe enfzstable (F4) and daughtor (00) deatgnatfon. ((.o., TE127Mt-D) f
! Enter ato$tc number: 129 <cr> B
f B
I To consider only ir:•igat(on or only drir.A(ng water cantsminat(on, J
! enter zero quant:ty for the oi:her pathway.
IF B
f Enter the concentration of 1 129 In the irrigatton water at start of!
I calculation (units: pCi/)(ter): .1 <cr> #
I Entor the conce.ntration of 1 129 in the drtnking water at start of f
B calculation (snits: CCff)1:art: 10 <cr> #
$#AfJABAlJJBlf!lffllAJAJf!!$$JBIBJ!!ilfl!!!!tf#lBifllt#fi88!$$JfBJPlfititff8

fBlJ#f€flJABfsJ#ff##fftA!!flllJ#ABllftt$ffff$lfffPJfff!!!#!!Af!lliBlJlflJ!!J
f Enter new 2-charactor o)erwnt (99•ftntsheo): U<cr> AM

P Atanic nunber Snput can be up to 6 characters long. /p
t Include mtstastab)e (M) and davghtAr (+0) designat(on. (S.o., TE127WO) I
P Enter atcasic number: 23M <cr> + i
f S
I To consider only trrigation or only drinking water contamtnation, f
I enter zero quantity for the other pathway. /

I Enter the concentration of t: 2384D in the irrigation water at start off
B calculation (units: pCf/iftor): .1 <cr> l
I Enter the concentratfon of U 238+D In the drinking water at start of I

C14
J calculation (units; pCi/iiter): 10 <cr> f
BPfBJJJPf€IPPFtffJfPBtIJ€#PP^BftJJP/PA€iffB$FBfJBfBB##BJPBBfBB#FBPBPJ#PPP#BP

Jfff#$€Pa^AFPJPf/J€BBAddlJffJ!€#Jf$$JlBJIIfB$fAili€$f8$$t€fPJPAlff#fff'B€€f8€J$
P Enter new 2-charactor element (99efinishod): 99 <cr> f
P P

0% B Surface/Burfed Drinking I
B PCI Irrigation Kater I
J Radionuclide /cubic meter pCt /1 pCi /1 I
f "-----..^-- - --- ....Y-_--- -^.--..-^ i
/ C060 O.OOEsO0 0.10 10. P
A SR90+D O.OOE+C!' 0.10 10. P
f I 129 C.OOE+00 0.10 10. B
# U 238+0 0.00E+00 0.10 10. B

C63^5CC6iRCCC1[LYCCCYSYGL6CCi6CC6iY@tCCif6CYtSMm6CCO.iQi6iVi3iYttii6iii
A

I Do you wish to review or change the above parameters (N/Y) <er> €
' s I Do you wish to ado radionuclides to the above Snventory? <cr> 0

JtltttP#JAffftP€Pt#PPf€JBtJJPfB6J#lAlf€d#J#tif#f#f€AJJFJ#BPBPP#€JB€f#€€J#J#J

Figure 3.4-7. Sample Problem Four Interactive Session (Conttnuod)
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faP"",c[SIX 1.R CQ$974JW-2 CGt)E LISi'IW3 - F"8,X31

C--------------__--_-°-----_'-_`_^^____--°_^____---__°_--__M_
C

FUNCTION ASUM(J.A)
C
C This function sums an array, called by ACNAIN
C
C Module of MAXI1
C Version of 25-APR-84 RAP
C

C------------- -----------------------------------------------------------
C
C

DIMENSION A(1)
C

ASUM=O.
C-'l IF(J.LE.O) GO TO 2
^^ DO 1 I=1.J

ASUM=ASUMtA(I)
1 CONTINUE

C
2 REIURN

C

co C ---------------------------------------------------------------------
C

in END

'T

N

4%S

O^

1.A-14
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Cq

O9

Q

In

C%j

N

0^

_ _ ._ _.. ._. ..._.. ^ _.. ^,

(This fnteractiva s^.*sston r,onarntos the fo))owir,g ftte.)

acCo4nt-n4r..e.STkfFZ.C14160000,EC400,T177.
ACC,`S,'y}#T, 8c cb+2nt-navp e H rftiT ) G2-n 61^de r, (i r 8..^` ) @^."--numf50 r.

AT7ACt3, TRFE20. F It E20. I CsZZ t!"NRC.
ATTACtt, ThK21, F I l. E21, I O=ZZRtakC.
AT7ACFFrTAPE.'4,FILE:24, I0•TZR1cRC.
ATTApi. TJPF25, F ILE25. IE1s;:7F0+FtC.
ATTACSi, TAE=E 22, PL IdtSGJRC, I Os ZZP*:t?C.
ATTAC7i. TAi'E 27 . VOL S.TidRt:. I0=^', l W<S!L^,
ATTACki, TAF'f 10, FsSi:d. I L', I I1nZZFhftC ,
ArIAt]+, Tk'E 23 , i I L E 23. I0=ZZLMt.1;..
ATTApa, NaS,r;AXI1 A9 "s, IOs27RltRC.
OJP r,1r.S. LGO.
RF Tur>N. his.
FtAP.IFP,
LOSET,FXE5ET•ZERO.,
LGO.
taor I
SAnsP1.E FRObLEM FOUR
SIkPUT NEXTsl,

I FcRO=1, I ARG=0.1raAT=1. IEXT=0,
ISURa1, IAIF<s0.
fi1FRs 150. . I140s6. FF1s 1.00 . RF7+= 0.
fI'F1= 1.00 . RrF2s 1.00
ICR^nAT-Or
P4;E= 0. . XCPTs .670E-01,
RIM1tl= .230000, ttILF+ 1.00 . XF2- .200Eb04.

1. INTRUO>0. I224,
IT1s 10, IT2+ 59. NORG+ 5, KCRG(I)s 1r 6. 8,16r23,
SFGIL• .200 r FRSIZ= 1.00 r AREAIN- 1.00
AFEAEXa 1.00 ...
IC`:T- 0. ION=1. SEND
4 10

CC+'i0 11311 0. .10 10. 0.
SR90+0 11311 0. .10 10. 0.
1 129 11271 C. .10 10. 0.
U^3830 22322 C. .10 10. 0.
Ieor I
teof I

Figure 3.4-7. Somp)o Pro6)o2r Four Interactive Sossicn (Continued)
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Ad+PMIX 1.A fXlWPER at @.ISTIAG - bSRXI:

C CALCULATE TOTAL INHALATIONODOSE SUMMED OVER ALL NUCLIDES
C

ADADOS(ITIP.'E,IORG)=ADADOS(ITI6C'E,IORG)+DADOS(ITIt•!E,INUC,IORG)
C
C CALCULATE TOTAL AQUEOUS FOGD DOSES
C

AARDOS(ITIME,IORG)=AARDOS(ITIME,IORG)
+ARDOS(ITIME,INUC,IORG)

C
C CALCULATE TOTAL DRINKING WATER DOSE
C

ADWDOS(ITIME,IORG)=ADWDOS(ITIME,IORG)
+DWDOS(ITIME,INUC,IORG)

r

J 300 CONTINUE
200 CONTINUE

C
C
C CALCULATE ANNUAL DOSES
C

DO 400 IORG=I,NORG
C

ADOS(ITItE,IORG)=AFDOS(ITIME,IORG)+ADADOS(ITIME,IORG)+AEXDOS(ITIME
)+AARDOS(ITIME,IORG)+ADWDOS(ITIME,IORG)

C
400 CONTINUE
100 CONTINUE

C
C DEBUG PRINT STATEMENT--
C ITIME=O
C DO 101 JTI(4E=IT1,IT2
C ITIME=ITIME+1
C PRINT 8881,JTIME,(ADOS(ITIME,IORG),IORG=I,NORG)
C 8881 FORMAT0 JTIME, ADOS: 1,I4.SE10.3)
C 101 CONTINUE
C
C

RETURN
C

C-------------------- I -------------------------------------------------
C

END

1.A-13
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MAxl - Ma.truo Ann"l Cosa Crlculatton Yr^ztcn YAr:.7 :5-AFV-84
E,a:ctod on 11-mAY-04 at 11:32:41

Cas4 tf t1P:SAMFIE PROPLEM FOUR

RACICNitCLICE Ci•AIN LIP4}AFY USED: PACIONUQICE MASTER CATA l!CNlJtY /r TRA^.StCtATICa CLASSES. 4-AYR-84 RAP
DOSE FACTCR FILES U510 FOR 1N15 CASE:

020 FCS-LEIt: Leaf Incrwrnta) Doso Factors for tt.o OSSITF/DHitkT
121 FOCO-SGIL: Sotl Incrorqntal Cost Factart for tne CxS1'E!8IC*"3TT
'22 't.AlLOa EX7(NNAE t ONSITE/DIC+vRT EX*ERNAL E47f5 FOR St'RFACE (:ttwE SOUR
123 GAt711N-ItaiKATiON: OOS) DOSE INLFERENT FILE ONSITE/DIOF'CRT ENY. 16-APA-84 RAP
25 AnRRG-CRINM. M;U: ]ncrarnrtntal Crinltng Watnr posa Factors - Gti5ITEr9I0

D05ES CAICLLATED FRCN 10 TO 59 YEARS F^kLCW:)J'i TIME ZERO

PA•keAYS INiTIA' IZEO FCR DCSE C.ILCULATIO."+S:
FAAM PROC{iCT i?GEST104: ON
IhaAEATIpt C-F RESUSPENtXO MATERIA1tGN
ACUATIC FGCUS INCEStDSN; OFF
EttINklhG WATT,R EN;ESTICk: ON
CCNTINUINu 0.n-USF1+EPIC CfFCSITIOn OFF
EXTERhAL FRcM q)RIEO WASTES CFF
tXTERNAL FROM SURFACE C2FGSITS: ON

FRACTION OF T0T/1 DIET GROWN ON SITE: 1.OOE•00

SPECIAL PARA}ITERS INITIALIZED:

FAFV PFtOEXICT rARUZTERS USED:
FPACT!0:+ OF ROOTS IN UrPER SOIL: 0.10E.01
FRACTI{xt OF RODTS IN EIURIED WASTE 0.00E^00

+ 3

IAYENTORY CILCTION FACTGR: 2.06E-01
CLCAY OF RitER RELFA.4 S:X,'Ftf TFRM NOT PEkFF4ZKD
EfCA+ OF AiP RFLEASE SWrA:E TER1+ NOI PERFOFMEO
SITE X/0: O.LYJEM,O
SPECIAL FNH=EATiCA NCNL NOT USED
SIZE OF THE SITE: I.OtiA FRAC170NAL HECTARES
UtTEP:id PA?+WAY AFZE1 Ctrn"P.FCTICri FACTOR: 1.O9Ee00
EX'.ERMAL PAtT1WAY AREA CCYiRECT1pN FACTOR: 1.00E^00

1RRIGATICe{ RATE: 1.S0E#QIL/M••2lHO
MOrvTN$ PER YEAR IRRIGATED: 6
RIIER CILUTION FACTOR: 1.00E'CC?TJL
rEARS OF IRRIGATION WInM COYTAMINATED WATER PRIOR TO

THE DOSE CALCULATIONS: in
EX'ERNAL EXPOSLriE PARANETERS USED:

RATIO OF EXTERi:AL CONTAMINATION IN Y`RFACE SOIL TO SU!SURFACE SOIL 1.00E+00
NUME:ER CF hiURS OF EXPOSURE TO EXTEPNAL CCwTAMINATION 7.OOF.+03
SURFACE DEPOSITS ORFS FRCM :SOSHLDI MOb1FICATION FACTOR: 5.84aE-11

IWA1ATI0Fi PAR/.M.ETERS U:ED:
MOC;FICATION FACTOR , P,INH: 2.3CE-O1

(ECd1IYALENT TO UREATNING RATE OF 230 CC/SEC FOR 2016. NWYR)
RESUSPENSION AVDEL USED FOR CALCULATING AIR CONCENTVAT1017: ANSPAUGH
AYEPAGE AGE CY MATERIAL ON GRCUND IT TIME ZERO: O.OUE«QO YEARS
TOP 1.0 CM OF THE COM1Th4INATED SURFACE LAYER IS AYAILABIE FOR RESJSPENSiON.

ORGA.vS FOR WHIQi DOSES ARE CALCULATED (S44E ORDER AS SCLtL+ILITIES GIVEN BELOW):

TOTI.L E1CDY E1E#IE LUNGS THYROID GI-LLI

Figure 3.4-8. Sample Problem Four Output
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APFMIX 1.A CWVTER ODDE LISTIt..^"a - C#?J(Il

C
SUBRCITINE PdJDOS(NORG)

C
C THIS SUBROUTINE IS USED TO CALCULATE ANNUAL DOSES
C
C Module of N..UI1
C Version of 25-APR-84
C
C----------------------------------------------------------------------------
C
C

C9MMON/JUNK/DDTT,ITI.IT2.TITLE1(20).TODAY,CLOCK
C

COMd+pN/DATAl/ELTO(50),AWO(50),IOFNUC(50).NONUC.DK(2,50),
.IFRM(2.50),AL(50),AM(50),SOILCN(50),ICNN,AMI(50).AMJ(50),
.IFOD.IARG,IWAT.RIRR.RPF,XMLF,DILF,IMO.DEN,IEXT

C
C069MON/DOSE1/EXDOS(50.50),AEXDOS(50),FDOS(50,50,5).
.FADOS(50,50,5),DADOS(50,50,5),ARDOS(50,50,5),DWDOS(50,50,5),
.AFDOS(50.5).ADADOS(50,5),ADOS(50,5),
.AARDOS(50.5),ADWDOS(50.5)

C
CNARACTER"4 DDTT
CHARACTER*6 AWO
CRARACTER"L0 TODAY, CLOCK

C
ITIME=0
CALL ZEROR(250,AFDOS)
CALL ZEROR(250,ADADOS)

CALL ZEROR(250,AARDOS)

CALL ZEROR(250,ADWDOS)
C
C

DO 100 JTIME=ITI,IT2
C

ITIME=ITIME+1
C

DO 200 INUC=L,NON(JC
DO 300 IORG=I,NORG

C
C CALCULATE TOTAL FOOD PRODUCT DOSES
C

FDOS(ITItAE,INUC,IORG)=FDOS(ITIME.INUC,IORG)+FADOS(ITIME,INUC,IORG

C
C CALCULATE (OTAL FOOD PRODUCT DOSES SUMMED OVER ALL NUCLIDES
C

AFDOS(ITIME,IORG)=AFDOS(ITIME,IORG)+FDOS(ITIME,INUC,IORG)

1. A-12
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1 2 4 a 8 i 0 3 4 ,. ^
^.^,.^._..._ _.. . _ . . ,..m.,.^ _.^ y_ .

INPUT PREPARED B Y. DATE

INPUT CNECKED BY DATE
`Y C^P

=t6RELEASE TERNS SOIL SOURCE 1RRIGATATION/AQUATIC DRINKING WATER AN. RELEASE
NUCLIDE ORGAN SOLLBILITY CLASSES (PCI/M••3) (PCI/1. ) (PCI/U ( CI/YR)

CO 63 1 1 3 1 1 O.30E+00 1.00E-01 1.00E+01 0.00E+00
SR 90rD 1 1 3 1 1 O.00E+00 1.00E-01 S.OOE+O1 0.00E+00
U 238+D 2 2 3 2 2 G.OOE+00 1.00E-01 1.00E+01 O.OOE+GO
I 129 1 1 2 1 1 0.001+00 1.00E-01 1.00E+01 0 ^0E+00

uummemmmm•umu nrPLEASE NOTE ANY SPECIAL P7NSIDERATIONS IN TdIS SPBCEaam'ammm+ammrm•msam•
m m
m •
mnrrnmrurmnuumrammmnrunreunr•rrnm•n•rmauurasr•nunmurusmrrc:uruananmm

50IL.AIR, AND WATER CONCENTRATION SIYMHFRY FOR THE YEAR

RADIONUCLIDE SURFACE SOIL DEEP SOIL AIR IRRIGATION
PCI/M2 PCI/M3 PCI/M3 PCI/L

CO 60 4.89E+02 0 .00E+00 4.08E-07 1.DCE-01
SR 90+D 8.58E+02 O.00E+00 7.15E-07 lACE-01
U 238+D 9.9^E+02 O.OCE+GO 8.2SE-07 1.GDE-01
I 129 9.90E+02 O.00E+00 8.25E-07 I.DOE-Oi

SOIL.AIR. AND WATER CONCENTRATION S1WMM'lY FOR THE YEAR

RADIONUCLIDE SURFACE SOIL DEEP SOIL AIR IRRIGATION
PCI/M2 PCI/M3 FCI/P3 PCI/L

CO 60 6.35E^02 Q.OOE+00 4.28F-08 1.00E-61
SR 90+0 2.80E+03 0.00E+00 1.88E-07 1.0CE-01
U 239+0 5.40E+03 0.00E+00 3.62E-07 1.0CE-01
I 123 5.40E+03 0.00E+00 3.62£-07 I.OOE-01

10

DRINKING WATER
PCI/L

1.00E+01
1.0CE+01
1.QOE+G1
1.OOE+G1

59

DR:NKING WATER
PCLL

1.00E+01
1.00L+01
I.OOE+01
1.00E+01

Figure 3.4-8. Sample Problem Four Output (Continued)
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C`

fiPPERDIX 1.R W(t1ER CME LISTIPE6 - M,R1CI1

C
SUBROUTINE AIRDIS(IDKA,INUC,JTIME,Ah44.J)

C
C. THIS SUBROUTINE IS USED TO DECAY THE ATROSPNERIC RELEASE SOURCE TERtd
C IF NECESSARY. USED FOR CASES WITH OFF-SITE AIRBORNE SOURCES
C
C Module of MAXI1
C Version of 25-APR-84 RAP
C
C-----------------------------------------------------------------------
C

COMMON/DATA1/ELTO(50),AWO(50),IOFNUC(50),NOnUC,DK(2,50),
.IFRM(2,50),AL(50),AM(50),SOILCN(50),ICNN,AMI(50),AMJ(50),
.IFOD,IARG,IWAT,RIRR,RPF,XMLF,DILF,IMO,DEN,IEXT

C
COMMON/THIRDS/QK(50),AML(50),XQSITE,IAIR,IDKAIR,IBLOl9

C
CHARACTER*6 AWO
DIMENSION At•'JA(50)

C
C IF NOT DECAYING SOURCE, SET AMAi=AML
C

IST=INUC+1
K=IST+J-1
IF(IDKA.NE.O)GO TO 10
DO 100 I=iST,K

100 PMM(I)=AML(I)
GO TO 90

C
C DECAY ONE-MEMBER CHAINS
C

10 IF(J.GT.1)GO TO 20
AMM(IST)=AML(IST)*EXP(-AL(IST)#JTIME)
GO TO 90

C
C CALL CHAIN DECAY ROUTINE
C

20 DO 200 I=IST,K
200 AMM(I)=AML(I)/AL(I)

CTIME=JTIME
CALL ACHAIN(J,CTIME,DK(1,IST),IFRM(1,IST),AL(IST),AMM(IST),
.AMM(IST))
DO 300 I=IST,K

300 AMM(I)=AMM(I)*AL(I)
C

90 RETURN

C------•----------------------------------------------------------
END

1.A-11
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SMtPLE PRCBLEM FOUR
MAXI, Verst on VAX2.2 25-APR-84 executed on 11-MAY-84 at 11: 32+41

MAXIMIM MINUAL DOSE SUMMARY FOR THE YEAR 59 FORTOTAL BODY

EXPOSURE PATHWAY
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WFTER

RADIONUCLIDE

------------

REM

------ -

S

-- -

REM

-- - --

S REM S REM S REM S

CC60
-- -

2.42E-07
---

0
-- - ---
5.32E-13

-----
0

------------
7.32E-06

----
94

---------
O.00E+00

-------
0

---------
4.12E-06

-------
0

5R90+0 5.17E-04 98 4.90E-10 59 7.11E-08 0 O.00E+00 0 8.99E-04 83
U 238+D 2.85E-06 0 3.27E-10 39 3.60E-07 4 0 .00E+00 0 1.39E-04 12
I 129

--------------

2.78E-06

-------- ---

0

-- ------

4.66E-12

------- --

0

---

3.10E-08

--- -

0 0.00E+00 0 3.22E-05 3

TOTALS
-

INGESTION
-
S

--
INHALATION

--
S

---- --------
EXTERNAL

-----
S

------------
AQUATIC

-----------
FOOD S

------"'--
DRINKING

-------
WATER S TOTAL

5.22E-04 32 8.21E-10 0 7.78E-06 0 O.OOE+00 0 1.07E-03 66 1.60E-03

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 59 FOR BONE

EXPOSURE PATHWAY
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER

RADIONUCLIDE

---

REM S REM S REM S REM S REM S
-- -------

CD60
-----------
0.00E+00

-----
0

-----------
0.00E+00

-----
0

----------"
7.32E-06

----

94
---------
0.00E+00

-------
0

---------
0.00E+90

-------
0

tn SR90+0 1.93E-03 97 7.30E-09 57 7.11E-08 0 O.OOE+00 0 3.35E-03 58Cn U 238+D 4.81E-05 2 5 .45E-09 42 3.60E-C7 4 0.09E+00
.
0 2.35E-03 41

I 129

--------------

9.89E-07

------------

0

---- ----

1.13E-13

- -

0 3.IOE-08 0 O.OOE+00 0 1.14E-05 0

TOTALS INGESTION
-

S
--- ------
INHALATION

-----
S
----------------

EXTERNAL
-----

S
-------------

AQUATIC
----------
FOOD S

--------"
DRINKING

-------
WATER S TOTAL

1.97E-03 25 1.27E-08 0 7.78E-06 0 0.00E+00 0 5.71E-03 74 7.69E-03

MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 59 FOR LUNGS

EXPOSURE PATHWAY
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER

RADIONUCLIDE

------------

REM

------ -

S Re-M S REM S REM S REM S

C060
--- -

D.OOE+00
----- -

0
----------
2.11E-10

-----
0

------------
7.32E-06

----
94

---------
O.OOE+00

-------
0

---"-----
O.OOE+00

------
0

SR90+D O.00E+00 0 2.OOE-09 0 7.11E-08 0 O.OOE+00 0 O.OOE+00 0
U 238+D O.00E+00 0 2.29E-07 99 3.60E-07 4 O.OOE+00 0 O.OOE+00 0
I 129

--------------
C.OOE+00

------------
0

--
2.59E-11 0 3.IOE-08 0 O.OOE+00 0 O.OOE+00 0

TOTALS INGESTION

--------

S

----------

INHALATION

-----

x

--------"'------
EXTERNAL

----

S

"------------

AQUATIC

-----------

FOOD S

----""-

DRINKING
'"-----
WATER S TOTAL

O.00E+00 0 2.31E-07 2 7.78E-06 97 O.OOE+00 0 O.OOE+00 0 8.01E-06

-----

Figure 3.4-8. Samp le Problem Four Output (Continued)
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APPEPWrX I.A CtJMK•IfR Cft•3E IISTING - PJeXIl

C
SUBROUTINE AFACT(AITIM.AIRFA,iTIhIE,XDPT)

C
C THIS SUBROUTINE CALCAULATES A kESUSPENSION FAClOR USING THE ANSPAUGH
C MODEL WIiH A LOWER LIMIT OF 1.OE-9.
C
C Module of MAXI1
C Version of 25-APR-84
C

C--------------------------'•---------------------------------°----------•
C
C

DIMENSION AIRFA(50)
C

1 CONiINUE
C

IF(AITIM.GT.25) GO TO 10
AIRFA(ITIME)=1.0E-4*(EXP(-2.87#(S(IRT(A:TIM))))+1.0E-9
AIRFA(ITIME)=AIRFA(ITIME)*XDPT
GO TO 30

10 AIRFA(ITIME)=1.0E-9#XDPi
30 CONTINUE

C
RETURN

C

C--------------------------------------------------------- ----------------
C

END

1.A-10
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92 ^2 ^t ^ 8 i t^ 3 6. .. .--^-^x.___._ _ _ --- _-- ^ ----- ^

MAXIMUM PNNUAL DOSE SUMMARY FOR THE YEAR 59 FOR THYROID

EXPOSURE I^PATHWAY
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER

RADIONUCLIDE

-----------

REM

-----------

%

-----

REM

-----------

%

-----

REM

-----------

%

-----

REM
---------

%
-------

REM

---------

%

-------

C6CO O.OOE+00 0 O.OOE+00 0 7.32E-06 94 O.00E+00 0 O.OOE+00 0
5R90+D O.OOE+00 0 O.00E+00 0 7.11E-08 0 O.OOE+00 0 O.UCE+OD 0
U 238+D O.OOE+00 0 O.OOE+00 0 3.60E-07 4 0.00E+00 0 O.00E+00 0
1 129

--------------

2.18E-03

---------•--

100

---------

3.75E-09

-------_----

100

-----

3.10E-08 0 O.OOE+00 0 2.53E-02 100

TOTALS INGESTION % INHALATION
---

%
-_---------

EXTERNAL
-------

%
------------

AQUATIC
--------
FOOD %

------------
DRINKING

`-----
WATER % TOTAL

2.18E-03 7 3.75E-09 0 7.78E-D6 0 O.OOE+00 0 2.53E-02 92 2.75E-02

MA)(IM7M PNNUAL DOSE SUMMARY FOR THE YEAR 59 FOR LLI
^

EXI'09URE PATHWAY
INGESTION INHALATION EXTERNAL AQUATIC FOOD DRINKING WATER

RAOIONUQIDE

------------

REM

-----------

%

----- -

REM

-----------

%

----

REM

-----------

%

-----

REM

----------

%

------

REM

----------

%

------

C06^. 2.30E-06 4 4.62E-13 2 7.32E-06 94 O.OOE+00 0 3.91E-05 13
SR90+D 4.30E-05 87 3.59E-12 16 7.11E-08 0 O.OOE+00 0 6.78E-05 23
U 238+D 3.81E-06 7 1.77E-11 81 3.60E-07 4 O.OOE+DO 0 1.86E-04 63
I 129

--------------

1.49E-07

------------

0

----------

4.64E-14

-----------

0

---------

3.10E-08 0 O.00E+00 0 1.73E-06 0

TOTALS INGESTION % INHALATION %
-----------
EXTERNAL

-------
%

-----------
AQUATIC

---------
FOOD %

--'-------
DRINKING

-------
WATER % TOTAL

4.92E-05 14 2.18E-11 0 7.78E-06 2 0.00E+00 0 2.95E-04 83 3.52E-04

Figure 3.4-8. Sample Problem Four Output (Continued)
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APPEWIX I.A CUOJTfE8 E,O-M LISTIPtia - t0tXI1

C ASUM = ASUP1 + A(JK)
C 12 CONTINUE
C 11 CONTINUE
C

4 A(J+JJ)=A.M(J)-ASUM(JI,A(JJ+1))
C

A(J+JJ) = AM(J) - ASUM
C
C AO(J)=SUMPRD(J,EXPO.A(JJ+1))
C THE VAX HAS A PROBLEM WITH THIS CODE- USR THE FOLLOWING:
C

SUMPR = 0.0
D0 8884 IN = 1.J
JK=JJ+IN
SUMPR = SUMPR + EXPO(IN) • A(JK)

8884 CONTINUE
AO(J) = SUMPR

In C
5 CONTINUE

"^ C

RETURN
. C

C---------------------------------------------------------
C

END

"^.

L^{

N

^

.

1.A-9
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N'
3.4.5 Sample Problem Five

r The fifth and final sample problem is designed to exercise the user-defined
scenario option. This problem is intended to exercise the maximum number
of exposure conditions that can be considered by the MAXI1 program in a
single run. For this problem, the genaral exposure conditions described in
Sample Problem Four are considered with the addition of ingestion of
aquatic foods (fish obtained from a river) and root penetration into deeply
buried wastes. The radionuclide concentrations in well and river water
defined in Sample Problem FourS are used for the 7i uid patl7y, s. A deep

60 ^waste concentr ion of 0.1 Ci/m*' of each of Co, 1I, and l^ UrD plus
0 001 C 3 ^O. i/m of Sr+D is also assumed. The site is assumed to cover 1 ha.
The wastes are assumed to be buried for 10 years prior to the start of
farming and they are assumed to be located 1.0 m from the surface. It is
further assumed that about 40% of the roots from the garden crops penetrate
to this depth (based on information in Napier 198-, . For the user-defined
scenario, the air concentrition used to estimate i;,halation dose is calcu-
lated using a mass-loadir:g eyuation instead of the time-dependent resuspen-
sion equation. Also, the individual's total diet is assumed to be grown
using the contaminated water suaply. The sample problem is to determine

,.i the doses to an individual residing on a site containing deeply buried
wastes who also uses contaminated water supplies. The solution to thisC:,
problem is found by running the ONSITE user-defined scenario with the
specified source terms and conditions. A summary of the interactive ses-
sion used to develop the runstream for Sample Problem Five is shown in
Figure 3.4-9. The output resulting for this sample problem is shown in

CO Figure 3.4-10. The maximum annual doses resulting for Sample ProVem Five
are about 1.5 rem/yr to total body, 6.2 rem/yr to bone, 2.0 x 10- remlyr
to lungs, 245 rem/yr to thyroid, and 0.43 rom/yr to GI(LLI). Ingestion of
farm products whose roots penetrate the deeply buried wastes control the
doses to total body, bone, thyroid, and GI(LLI). The dose to lungs is
controlled by the external exposure pathway. Hand calculations verified

q11 the code operation for the radioactive decay, radionuclide concentrations,
and dose estimates for all of the exposure path.rays consicered.

N

O%
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ri'FEMIX l.A GW"J'6E82 COLE LISTIFw - VMI1

c

C
C
C
C
C
C
C
C.
C
C

SUBROUTINE ACFiAIN(NUC,T,DK,IFRM,AL,AM,AO)

THIS SUBROUTINE IS THE HEART OF THE CHAIN DECAY PROCEDURE.
IT REQUIRES THE COMPLEX INFRASTRUCTURE OF RLIBIN,SETDAT,PADOS.

Mndule of MAXI1
Version of 24-MAY-84

REAL*8 A(45), SUMPR
DIMENSION DK(2,9),IFRM(2,9),AL(9),AM(9),AO(9),EXPO(9)

C
C INITIALIZE COEFFICIENT ARRAY TO ZERO
C

N2N=NUC*(NUC-1)/2+NUC
C CALL ZEROR(N2N,A)

DO 100 IJK = 1, N2N
A(IJK) = 0.0DD

100 CONTINUE
C
C DO LOOP ON CHAIN MEMBERS, MAX = NL'C

DO 5 J=1,NUC
C
C CALCULATE EXPONENTIAL FOR CURRENT NUCLIDE

EXPO(J)=EXP(-AL(J)#T)
JJ=J*(J-1)/2
J1=J-1
IF(J1.LE.0) GO TO 4
IMAX=MINO(J1,2)
DO 3 M=1,J1
DO 2 L=M,J1
DO 1 I=1,IMAX
IF(IFRM(I,J).EQ.L) THEN
A(M+JJ)=AtM+JJ)+DK(I,J)*AL(U *A(M+L#(L-1)/2)

ENDIF
1 CONTINUE
2 CONTINUE
A(M+JJ)=A(M+JJ)/(AL(J)-AL(M))

3 CONTINUE
C
C 4 CONTINUE
C ASUM = 0.0
C IF (J1 EQ. 0) GO TO 11
C D0 12 IRAP = 1, J1
C JK = JJ + IRAP

1.A-8
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# r

X ONSITE/MAXI ^

# ^
I This interactive program will assist you in the creation di
if of scenarios for assessment of onsite disposal of low- It
if level waste. Doses to man through the specified pathways if
i? will be simulated by the computer program MAXI. #

if The following notes may be of interest: 0
if When you have finished reading, press <return> <cr> A'
X g
^^N^3aCANi'Xd p0#6S#,4f^Fd`f E,f IIu^tig&E6^8FF1^Dtf8i^A^1i6€kd BX9/^OBD dri^^F^,FFf#a"6^A`k'X

^ffl6aFd`9^'€B,f8:p^9dRFt^O/^:EbF#^"EtTF#C^dX ^^6d:EN^,6Bfi^g99^l9i?BCG^t^BAPi^F69^9^kN9^'#
I I

Co # ^
/ 1) If the default condition is selected, you need only fi

rr? # press <return>. YES-or-NO questions are designated by B
if (Y/N) and should be enswered with a Y or N. The default p

G3 C condition is always listed first. i

2) The values you enter will be tested against reasonable d
8 limits and if they are not accepted you will be asked to if^
A supply another value. p
d ^

3`^ B When you have finished reading, press <return> <Cr> ^

d^^^^^^e^eseg^s^^a^sssexfi^arR^ssF€x^rsfsr^sa^a'r^sa^p^^^reea^a^gxso^s^^e,^esa naaa

^^,^^xr^^s^rsa^^^amo^^a^trffi^^^rta^^tae^r^e^ea^^g^^ax`g^s^^a^norars^os:T^^^te^ ra^^

^ / The following scenarios have been defined: if

^ 1 - External exposure $
2 - External exposure plus inhalation from resuspension ff

A` 3 - Agricultural activities
F 4 - Use of well water for irrigation and drinking water 8

5 - User-created scenario /

f ¢ rd i[
9 To select a scenario or for additional information p
d on a scenario enter 1, 2, 3. 4, or 5: 5<cr> p
/ /
fBB0,4^^Ae'f^Ot^li3f9fa'^'//fP,fSP#^P^Eb'6A/BidfRtd.°lf6fFdJ^#/B^6^OSzf#^f^l/^3^B9a'0

Figure 3.4-V. Sample Problem Five Interactive Session

F.. ;
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CKf

(t?

C!6

....

^

Q^

AFFFMIX I.A WIP1TER CODE LIST'IN3 - VAl(II

C CALCULATE ANNUAL DOSES
C

CALL ANDOS(NORG)
C
C .DETELMINE MAXIMUM ANNUAL DOSE
C

CALL MAXDOS(NORG)
C
C PRINT OUTPUT RESULTS PAGE
C

CALL OUTPUT (NORG,IOUT,KORG,IBI0,78YR,NEXT)
L;
C RECOVER AML FOR FUTURE CASES
C

IF(IAIR.NE.1)G0 TO 180
DO 170 I=1,NONUC

170 AML(I)=At4L(I)/(X(2SITE*3.175E4)
180 CONTINUE

C
50 FORMAT(20A4)
200 FORNAT(3I5)
201 FORMAT(2I5)
202 FORMAT(20A4)
205 FORMAT(1X,I5)
300 FORMAT(A2,A6,5I1,4E10.2)
301 FORMAT(1X,A2,A6,5I1,4E10.2)

C
C IF(NEXT.GT.1) GO TO 1

GO TO 1
C
C

95 PRINT 400
STOP

99 PRINT 600
600 FORMAT(1H1,v DIAGNOSTIC 1: END OF FILE ON INPUT, STOP?)

STOP
97 PRINT 700

700 FORMAT(' DIAGNOSTIC 2: ERROR ON NAMELIST INPUT*)
STOP

98 PRINT 800,NIN,NMAX
800 FORMAT(1H1,v DIAGNOSTIC 3: ERROR IN NUMBER OF NUCLIDES

.'INPUT, NONUC=t,I3,tMAXIMUM ALLOWED IS,II4)
400 FORMAT(1H1,'DIAGNOSTIC 4: END OF INPUT FOR THIS RUN, NORMAL ',

.'TERMINATION0
C
C-------------------------------------------------------------------
C

END

1.A-7
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F!!!!!!!F!lFFIFSlFlFlFF!!lFFCFlFl,t!lFBF!!!!flFFlF!!!FlFflIF!!!F!!lFFIFB!!!F!
! F
! I
F SCENARIO 5: User Defined Scenario F
! !
! This scenario defaults to a full year of exposure to F
! external contamination and a full year of inhalation. if

The user may specify any parameters to define a scenario. !
B !
! Scenario 5 is now selected. Do you wish to change I
! this selection (WY): <cr> I
F I
I !
IFBIIfF!!FllflF!!f'IBFlFlllllF!!l!!!flIFFlFlFlll!!!flllllF!!f!Illfllllllfllll

BflIFIlIf!lFFFlF!!!!!f!!!lFIfIFCFFFFF!lIdIBElBf!!lFIIIFBF!!!FIlFlIIFlF!!!F!I
! f
F !
F !

l4^ F F
! Enter a descriptive title to identify this case: !

?`^ F SfWLE P42(BlE34 FIVE <cr> B
! !

C^ f !

-{
F
F

!
f`

f f
to F F

F !
i`} !!If!lIFFlkIlFBFlFFIBIFFlFa'!lFBFF$B!#f!flFFFl9lFFl,rtlllFF1'FBFIBF!lFlll!!F!!!

IIFFIIIIFIIfBBBFIlFklIFlFFIIIFFFFFiIIIFIIfIdsFIFFFFBBAIa'IBI.:SFBBFIFFFFLIFFFf
F f

C%j if This scenario begins 1 years after the waste is if
IF disposed. I

I^ F
-N-M-

-----^-..^------------------------------------------^r_
M

F
! B^
F Do you wish to change this value (NJY)? Y<cr> 0
I Enter new value: 10 <cr> !
F !

F This scenario will end 59 years after the waste Is !
I disposed. OK? (Y/N) <cr> I

!
f

F I
FBFFBFIIlflFlFFFFFFFIFFlFFB!!IlIF!lIFF!!F!!FlII!!FF!!IF!lIIIIFI!!!F!B!!IlII!

Figure 3.4-9. Sample Problen Five Interactive Session (Continued)
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{ APPEMI3t 1.A =7iT6ER EkME LISTIBG - 1=I1

C IMPORTANT NOTE: THE ORDER OF NSOLD ON THE INVENTORY CARDS
C ABSOLUTELY MUST MATCH THAT OF THE INPUT ORDER OF KORG
C IN 7HE INPUT NAMELISTII
C
C DO THE FOLLOWING FOR STANDARD EXECUTIOY:

IF (NEXT NE. 5) THEN
C

CALL IDNUC(NUC,ELT,AW,ELTI,AWI,NIN,NCHN,NFLAG.NFLAGC)
C
C CALL DATE OF RUN
C

CALL DATE(TODAY)
CALL TIME(CLOCK)

C
C CALL SETDAT TO SET DATA IN CHAINS

CALL SETDAT(ELTI,AWI,NFLAG,NFLA.GC,Q,
KORG,NORG.NSOLD,NTR,QI,a),RIM,
OAPR,ISUR)

C1t C
C SET INHALATION DATA ARRAY

CALL INSET(NORG,KORG,NTR,TITLDI)
C

^- 100 CONTINUE
C

^ ELSE
C

co C THIS IS SUBSEQUENT BIOPORT RUN, USE SPECIAL INITIALIZATION
CALL RDSUB (Cl, QI, QJ, NFLAG, QAPR. RIM)

C
ENDIF

C
C CALL QAPAGE TO PRINT BACK PARAMETERS USED

04 C
CALL OAPAGE(RF1,RF2,INTRUD,IDKWAT,XFACT,IRR,RINH,XDPT,PfE- ,
.M3M2.KORG,NORG.NTR,TITLR,TITLDI,QAPR,RPFI,RPF2,ISUR,I22,
.XF2,SRDIL,IBIO,IBYR,TITLIN,NEXT,FRSIZ.AREAIN.AREAEX,ION)

C
C SET AIR CONCENTRATIONS FROM 0FF-SITE SOURCES

cr% C
IF(IAIR.NE.1)G0 TO 160
DO 151 I=1,NONUC

151 AML(I)=AML(I)*XQSITE*3.175E4
160 CONTINUE

C
C CALCULATE PATHWAY DOSES
C

CALL PADOS(XFACT,NORG,XDPT,AGE,IRF.,RF1,RF2,RINH,INTRUD,IDKWAT,
. XF2, RPF1, RPF2, AREAIN, AREAEX)

C

1.A-6
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.__..-._ .. ........ ^....,__ ......,. ,___..,_. -. ....-
^^-= _- -------___--_ .^

Ir #######################x####################################################
# #
if Three types of printer reports are available: #
# #
# 0- Tables of maximum annual dose per organ with radionuclide and if

^ if pathway contribution #
if 1- Table above plus annual doses by organ and total if
# 2- Table above plus annual doses by organ, pathway aid radionuclide#
# #
# The current selection is: 0 if
# #
if -----------------•'---------------------------------------------------- if
if Do you wish to change this value (N/Y)? <cr> if
# #
###########################################################f##############.##

############################################################################
C') if #

if In this scenario, wastes may be: if^
# #
if 1 -On surface #^
if 2 -Buried at 0.5 m #
# 3 -Buried at 1.0 m #
if 4 -Stored waste #

^ # #
if The current selection is: 1 if

) if if
if --------------------°----------------------------------------------- - if

.(. if Do you wish to change this value (N/Y)? Y<cr> if
# Enter new value: 3 <cr> #

C44 ########################################################-f###################

####################################################################R#######
# #
if Do you wish to consider external exposure tr surface if
if contamination? (Y/N) <cr> if

^ if if
# #
if Do you wish to consider external exposure aid crop #
if penetration to deeply buried waste? (Y/N) <cr> if
# #
# #
if Do you wish to consider farm product in5estion ? if
# (Y/N) <cr> #
# #
# #
##############################################,",#############################

. Figure 3.4-9. Sample Problem Five Interactive Ses:,sion (Continued)
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^

(iFPEl3D3X 1.A CZk4201F4t COSE LIST.[Cw -P9U(Il

C IF NOT BIOPORT INPUT , DO ST?JdDARD INVENTORY INPUT
IF (IBIO NE. 1) THEN

C
• IF(NEXT.EQ.3) GO TO 100

READ(5,200,END=99) NIN, IRR, IBLOW
IF(NIN.GT.NMAX.OR.NIN.LT.1) GO TO 98

C
READ(5,300,END=99)(ELTI(I),AWI(I),(NSOLD(J,I),J=1,5),Q(I),

QI(I),QJ(I),QK(I),I=1,NIN)
C

ELSE
C USE SPECIAL INVENTORY INPUT ROUTINE FROM BIOPORT
C

IF (NEXT EQ. 1) THEN
C FIRST TIME 7HROUGH

READ(5,201) IRR, IBLOW
READ(30,202) (TITLIN(IRAP),IRAP=1,10)

C PRINT 202, (TITLIN(IRAP),IRAP=1,40)
ENDIF

^ C
C READ BIOPORT YEAR FOR REPORTS

READ (30,205) IBYR
C PRINT 205, IBYR

-' C
C USE ALTERNATE INVENTORY INPUT SIGNALS END THIS YEAR)

- C
NIN=O^
1=1

C1.f9
153 CONTINUE

READ (30,301.ENh=99) ELTI(I),AWI(I),(NSOLD(J,I),J=1,5),
Q(I), QI(I), QJ(I)

C
C PRINT 8801, ELTI(I),AWI(I),Q(I),AST

_ C 8801 FORMAT (' AS READ:',A4,':',A6,E10.3,':',A4,':')
C

IF (ELTI(I) EQ. AST) GO TO 152
I = I + 1

^ NIN = NIN + 1
GO TO 153

C
152 CONTINUE

C
ENDIF

DO 150 I=1,NIN
Q(I) = Q(I) * SRDIL

150 QI(I)=QI(I)*DILF
C

1.A-5
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<' tdtBBtflfflfffMFFFBDf{'FFffttFFfFfdfBtfBtdttBtBtFBfffFtfBFBBF@fBfffdFBttttBa"B

B B
B F
B Do you wish to consider drinking water ingestion f

° f from a contaminated well? (Y/N) <cr> F
t f

@ I
I Do you wish to consider consumption of aquatic B
B food from a contaminated riv,r? (Y/N) <cr> B
B A
F f
f F
F t
FB@FBF BBftfBtBfBB!#tftffBBAFfAfBBFFBBBBtBBFDfFfFBBBB@BB@ftBB@BBFffAfdt#BBFBB

^ #FBtFBFt##fBBFtFABfBBFB@BdAt#Afe°BfditftffBBfAfAftAfBtfffffFBBfBBD#BBB@AftfBB
B B

cy^
F aa.cass. aan.eacvaa.vcaaeaar,aaaanoQaa:aaeaaaaaceaaoaacevaaaaascaaaaaecaa B
B B

C)
f Do you wish to review or change agricultural parameters (N/Y) Y<cr> F
A A

° - @ @
B if

A
in B B

B f
^"'° B B

t B

FAaABfBB#BtBBBBF@BB#BFBdBBBBdi#AAABABB@At@BttBFFFFBftitFFAABt@BF@BBBtfBftfFA

- BBBtra'FteBBFBABffBBBftFBfBfBfBBBtt#BFOfBfBtBBtBBBffftfBf#ftBftfftFBFffttttfB
B B

CV B D
n t

0% B The fraction of total roots in top 15 cm of the soil is 1.00 B
D (range = 0.0 to 1.0) t
f B

B ------------ ----------- -----------------_-------------------- f
f B
B Do you wish to change this va'fue (N/Y)? Y<cr> B
t A
f Ent9r r.er value: .6 <cr> B

. D A
B B

B@@BBBFBBBBBBa'fBFBDffBffBAF@F@fBftBB.AfBBB!FBfBtBBFfFBfFDBfffffffFBffFff#AfAF

Figure 3.4-9. Sampie Problen Five interactive Session (Continued)
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t^?

6X'R

trt

S4

L11

C^

^('AIX 1,A

IBIO = 0
ION=0

C
FRSIZ = 1.0
AREAIN = 1.0
AREAEX = 1.0

(??'#PUTEE2 CODE LISTI4M - 14/lXI1

C RPF1= OLD RPF
C RPF2= FRACTION OF TOTAL DIET GROWN ON SITE
C RPF=RPF1 : IF RPFZ>0. THEN FPF = RPF1*RPF2
C ONLY RPF IS USED IN THE CALCULATION; RPF1, RPF2 USED FOR QA PAGE -RAP
C
C ISUR, 122, AND XF2 ARE THE ONSITE PARAMETERS EQUIVELENT TO XFACT
C ISUR = SURFACE CONTAMINATION (0-NOT CONSIDERED, 1-CONSIDERED)
C 122 = INDEX OF SURFACE CONTAMINATION SOURCE (0-ISOSHLD, 2-MAXI2)
C XF2 = NO.OF HOURS/YEAP. PERSON IS EXPOSED TO EXTERNAL CONTAMINATION
C
C CODE LOGIC HAS BEEN ARRANGED SO THAT THE USER MAY STILL INPUT "XFACT"
C THROUGH NAMELIST. XFACT WILL ONLY BE SET BY MAXI1 IF VALUES HAVE BEEN
C INPUT FOR ISUR, 122, AND XF1
C

1 READ(5,50.END=99) TITLEI
READ(UNIT=5,NML=INPUT,ERR=97)
IF(NEXT.EQ.4)GO TO 95

C
C SET RIM VALUES BY MSMZ
C

IF(M3M2.EQ.1) RIM=0.15
IF(M3M2.EQ.2) RIM=224.

C
C IF ONSITE INPUT, SET XFACT BASED ON VALUES OF ISUR, 122, AND XF2

IF (ISUR EQ. 0) THEN
XFACT = 0.0

ELSE
IF (122 EQ. 0) XFACT = 5.844E-11
IF (XF2 GT. 0.) XFACT = XFACT * (XF2/8766.)

ENDIF
C
C IF ONSITE, SET RPF ELSE SET RPFI=RPF

IF (RPF2 GT. 0.) THEN
RPF = RPF1 * RPF2

ELSE
RPFI = RPF
RPF2 = 1.0

ENDIF
C
C READ NEW ISOTOPE SELECTION
C NOTE: SUCCESSIVE CASES USE THE INITIAL INVENTORY

1.A-4
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1M

######X#XX#######F####:##X######X####IE######X########XX#####################
X #

# X# if
X The fraction of total roots entering the buried waste if
X below the top 15 an plow layer of soil is 0.000E+00 #
# (range = 0.0 to 1.0). #

# #
------------'-----------°-------------------`---°--------------`-----

X ,^
# Do you wish to change this vaiue (N/Y)? Y<cr> #
# if
if Enter new value: .4 <cr> if
# #
######X#######X#####;i########X#!r#XX#########################################

############X#####X#t'X####'###X!l#######X#############X#######################

# #
# #
# #
X The fraction of the total diet grown on the site is 1.00 if
# (range = 0.0 to 1.)) #
# X
if X
# -'--------^-------------------'-----------------'--------------------- X
X #
# Do you wish to change this value (N/Y)? <cr> if
# if
# if
8 if
##X###########X###X###1/##########X####X###########################ll#######X#

##################X#########XX#####X#######X##X####/lX#########X########X####
X #

if
# X

ON X #
X The irrigation rate in liters per square meter per month is 150. #
I (range = 0.0 to 1000.) if
# #
if #
# -----.---------- ------------------------------------------------------ - if
z, if
if Do you wish to change this value (N/Y)? <cr> #
if if
# #
X######################X####X##XX####X###1!##X######ff#########X##############

Figure 3.4-9. Sample Problem Five Interactive Sessior (Continued)
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P11

^

C^E

0%

AFPEWIX 1.A MMER CODE l15TIl9G - ('Sil11

C GET DATE AND TIME
CALL DATECTODAY)
CALL TIPSt(CLOCK)

C
C READ MASTER DATA LIBRARY FOR RADIONUCLIDE AND CNAIN DECAY DATA
C

CAL: RLIBIN(TITLR)
C
C
C READ CASE SPECIFIC INPUT
C

DEN=100.
IM0=6
IFOD=1
IARG=1
IWAT=1
IAIR=1
XQSITE=0.0
IDKAIR=0
RPF=1.
RPF1=1.0
RPF2=0.0
')IRR=0.O
XMLF=0.01
M3M2=0
D1LF=I.0
AGE=-1.0
IDK4JAT=0
RIM=1.0
XDPT=0.067
XFACT=1.0
ISUk=1
122=1
XF2=0.0
IT1=1
RFI=1.0
RF2-0.0
RINN=1.0
IEXT=0
INTRUD=O
IT2=50
SRDIL=1.0

C
KORG(1)=1
KORG(2)=6
KORG(3)=8
KCRG(4)s16
KORG(5)=23
NORG=5

1.A-3
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^^ _ ..,. _. _,.. . . . ,,.._, ....^..____..^ ._._ . . . .. .^..^^^.̂ . _.._.......,,_...__._.._.....^.._,_.__.. ^
-^^° --v

T

#!d!d####dldd#ddd!!d!#!!#!#!!!!!!!###dB!#Bdlddddm`!!dldBldldd!!d!d!!,#!B!B!!dd
# d
# !
# !
# The number of months per year that crops are irrigated is 6 !
if (range = 0 to 12) !
# d
# !
# ---------------------------------------------------------------------- B
# !
# Do you wish to change this value (W Y)? <cr> !
if !
if !
# d
#############d##!!!Bd##!dd###d!!d!!!!d!!!!d!!!!d!!!BB!!d!lddddd!!!d!d!!#!!!d

4'? #############!!!d!#!##!##!!!#dldd!!##!!!!!!!#!#!!!!d!d!d#!BB!!!!!dd!!!#!!d!d
if !
# !
# The number of years prior to the beginning of dose B

^ # calculations that irrigation accumulates radionuclides !
# is 0 (range = 0 to 1000) d

-' if !
if !CO if ----------------------------------------------------------°---------- d
if !.,
if Do you wish to change this value (N/Y)Y Y<cr> !

7 $ !
if Enter new value: 10 <cr> !

C1q
if P
!#####!d!d!###!!!!d#Bd!#!!!dle+!##!#Bld2d!!d!d!lddtd#d!d!!!!!!d!!dd!!d!!P!!d#

^ #######!#####B#!#!d!B#!!#!!!#!!!!!B###!!dd!ldFddB!!!^i)^#PBlP#d!#d#!d!!d!!#!d

04 if d
# d

^ # a
#
#y d
J^ L LGLCLC LCL....... ...Cd

! d

if Do you wish to review/modify external exposure parameters? (W'f) <cr> d
# d
if !
# d
# d
# !
################ddd###!########!!#!###!###!d!!!B!!!!!!!!!d!!!!lddf##!Bd!!!!d

Figure 3.4-9. Sample Problem Five Interactive Session (Continued)
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APPEWIX I.A CUV2!'iER CODE LISTIM - GZ4XIa

COMPAON/1HIRDS/Qk(SO),A67L(S0),XQSITE,IAIR,IDKAIR.I6L0W

,̂

(`Dt44ON/ RL I6/EL T( 300 ), AIV (.300 ),?R ( 300) , NUC, NL}1, NCHN( 300) , NOFNUC( 200)
.,NCNST(200),IFR(2,300),DKF(2,300),IMEM(300)

COMMON/DATAL/ELTO(SO),AWO(50),IOFNUC(50),NONUC,DK(2,50),
.IFRW2,50),AL(50),AM(50).SOILCt4(50),ICNt:.AF(I(50),A6U(50),
.IFOD,IARG,IWAT,RIRR,fJ'F,xMLF,DILF,IMO,DEN,IEXT

COMMON/DATA2/DFDOS(50.50,5).AIDOS(50,50,5),INDOS(50.50,5).
.DEX1(50),ARGF(50,50,5).AROW(50,50,5),DEDXT(r;0)

C04M0N/D0SE1/EXDOS(50,50),AEXDOS(50),FDOS(50,!'0,5).
.FAUOS(50,50,5),DADOS(50,50,5),
.ARDOS(50.50,5).DWDOS(50,50,5),
.AFDOS(50,5),ADADOS(50,5),ADOS(50,5),
.AARDOS(50,5),ADWDOS(50,5)

0OMt,Y7N/MXTIM/MAY.TIM(5),MAXD(5)

COM^N/JUNK/DDTT,ITI,ITZ,TITLE1(20),TODAY,CLOCK

DIMENSION KORG(S),NTR(5,50),TITLR(20),TITLDI(15),14SOLD(5,50)
DIMENSION TITLIN(40)
DIMENSION Q(50).ELTI(50),AWI(50)
DIMENSION QI(50),QJ(50),QAPR(50)
DIMENSION NFLAG(300),NFLAGC(200)

^. CHARACTER AW*6,fsfi0*6,AWI*6
CNARACTER ASOLS*6,F)iX*6,AWAW*6.AKk*6,Ai(DX*6

clq CHARACTER ODTT*4, TODAY*10, CLOCK*10
REAL*4 INDOS

ON C
DATA AST /'** fl

C
C NAMELIST INPUT PARAMETERS
C

NAMELIST/INPUT/IEXT,XFACT,IOUT,ITi,IT2,KORG,NORG,XOPT.NEXT
.,AGE,IFOD,IARG,IWAT,RIRR,RPF,YJ•tLF,M3M2,DILF,IMA,DEN,
.RF1,RF2,RINH,INTRUD,IDKWAT,IAIR,XQSITE,IDKAIR,
RPF1, RPF2, ISUR, 122, XF2, SRDIL, I6I0,

. FRSIZ. AREAIN, AREAEEX, ION
C
C LAST TWO LINES OF NAMELIST INPUT SPECIFIC TO VAX ONSITE/BIOPORT
C VERSION
C
C MAXIMUM NUMgER OF RADIONUCLIDES THAT CAN BE CONSIDERED

NMAX=50

1.A-2
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$$$$N$$$#$#k$$$$$$$$$#$$#4$$$#$#$#$#A$$$#$$$#$$$G$##$$#$$$#$$$#$#g$$##$#$$$#
$ $
$ Did you use MAXI2 to generate a special external exposure $
$ dose rate factor file for this scenario? (default=0) if
if #
$ 0-no #
fi 1 - yes $
$ $
$ $
$ --------------°------------------------------------------------ ------ if
$ $
$ Do you wish to change this value (N/Y)Y <cr> $
$ $
$ $
$:F$N$$$$E$J$$$$#$$$$$#$#$$#$$$$$$#$#$$$#$$$$€$#$$$$$$!t$##$$$#$$#$$#$ ##$$#$$$

`^.

B$F$$p6$#$$$$S3$##$$$$$##$$$$$reX$$^'#Y#$9####$$#$$$$#$#$$$$$$$$$9^$$$#$$#$#$$$
# #

if The number of hours of exposure to external contamination if
C) ! per year is 8.766E+03 (range = 0.0 to 8766.) if

if $
^° $ $

$ ---------------------------------------------------------------- ----°
C^ F $

Do you wish to change this value (N/Y)1 Y<cr> ^i^ ^

if Enter new value: 2000 <cr> I
8 if

CN
N
$

#
$

$#$$#$#$$;pp4#$$$$$L$$f$$$00#&#$$$$$$$$#$$$P$$#$$$$C$$#$$#$##Af$$$#$ $$$$$$$$

C%4
lBdBS$$aTC86P6/iSfiJF$€Sp$8$A#$B$Sd$#$^##9d?$$A#4$E0$SB$##$$$$#$#$##$$$$$$#$$
$ $

0%
$ $

$ asar¢scascaszazzscsscsaacccnaacsszacvssaescsaasc=aaascaazczzzaezszsesc $

F Do you wish to review or change inhalation parameters (N/Y) Y<cr> $
t $
$ $
d if

3 if
$ $
E $
$O$$r$pB{$iSP$$€C9C068PA$$fi$$Q$$f0$d$$$t$0$B$$$$$9B/a'$fRi$$$$f$$$i•`$$$1!$$$$P#

Figure 3.4-9. Samplo Problem Five Interactive Session (Continued)
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kPPaOIX I.A OMMM f^SE LISTING - VMI1

C-------------------------------.-------.--------------_------
C
C Program Title: MAXI1
C
C Developed for: U.S. Nucear Reg0atory Cammission
C
C Office of Nuclear Regulatory Material Safety d
C Safeguards
C Division of Waste Mdnagement
C and
C Office of Nuclear Regulatory Research
C Division of Health, Siting, and Waste Management
C

Date: May 31, 1984
C

Pti C NRC Contacts; Dr. Stan Neuder (NMSS)
C Phone: 301-427-4607
C Dr. John Randall (NRR)
C Phone: 301-427-4633

° C
C Code Developer: B.A. Napier, R.A. Peloquin, W.E. Kennedy, Jr.

"- C Pacific Northwest Laboratory
C Richiand, WA 509-375-3849 (WEK)
C
C

-') C This program was prepared for an agency of the United States
C Government. Neither the United States governr.,ent nor any agency
C thereof, or any of their employees, make any warranty, expressed
C or implied, or assumes any legal liability or responsibility for
C any third partyrs use, or the results of such use, of any portion

^ C of this program or represents that its use by such third p;.rty
C would not infringe privately owned rights.
C
C
C-------------------------------------------------'----------------
C
C

PROGRAM MAXI1
C
C THIS PROGRAM IS DESIGNED TO CALCULATE ANNUAL RADIATION DOSES FPOt4
C INGESTION, INHALATION, EXTERNAL SURFACE CONTAMINATION,
C AND AQUEOUS FOOD AND WATER INGESTION RESULTING
C FROM RESIOUAL RADIOACTIVITY AT DECAh?AISSIQNED NUCLEAR FACILITIES
C AND WASTE STORAGE SITES.
C
C Version of 25-APR-84 RAP
C

r

S
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#d###d###$#d#$#d$$####$#d#$$#d$$#d##$dffid)dd$$#bddddd#d$dd€ddd$dd$d$ddd#Plddd
# d
# $
# The number of hours of inhalation of contamination d
# per year is 8.766E+03 (range = 0.0 to 8766.) $
if d
# if
if ---------------°------------------------°--------------------------- d
if d
# Do you wish to change this value (N/Y)? Y<cr> P
# d
// Enter new value: 2000 <cr> if
# I
if d

Lr)
$#########d#>"dd#dd#####$##$###########$####d#$d##d$$dd#d#d#ddd$d#dd$dtddd$#$

^ #################d##d##################$d##d##$##dd#d#$######d#d#ddd$d#d#ddd
# $

Q if d
if Two resuspension models are available: ['

.e # 1 - Anspaugh #
# 2 - Mass Loading if

«n # #
# The selected model is 2 y

),ry # d
# $
# ---------------------------------------------------------------------- ffi
# d
# Do you wish to change this value (N/Y)? <cr> #

############$#$###$##$###################d###############$##dd#t±d#$##dd$$#t

^ ###########$$$$##dd#####$$$$#####d$d###$$#$##d#dd###$d###$dd$$##$d#ddd#$#ffi$d
if d

at # The density of the soil is 1.0E+06 grams per cubic meter. d
if (range = 1.E5 to 5.0E7) d
if d
if d
if ---------------------------------------------------------------------- if
# #
if Do you wish to change this value (N/Y)? <cr> $
# if
# #

# #
if if

#if
d#################################################kil########$#######d######d

Fiyure 3.4-9. Sample Problem Five lnteractive Session (Continued)
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rx±

in

4,-

N

L'V

Cr

lfflfflfff{ffffffffflflfffflllffflfffldfff{flflfffffflfifffflffff!lffflfflff
f f
f f
f ^
! The Nass Loading Factor Is 1.0E-04 graTs per cubic metar. f
f (range = 1.E-7 to 0.1) f
f f
f !

-`-----`-----°---_---`----"-..---_..-..- - f
f

-f

! Do you wish to change this valce (ti/Y)? <cr> !
f I
f f
! g
fflflflffffl3TfflflfflfflfliflflflffllflflflfflfflBfffPflff6lflflflflffllfRff

f^'9iff!!ltffF6ftfffffffffffllffffflFfflffffffffff!!!lfffffffffflffff!lflftlS^f
! f
f f
f f
f eunoarsaracaunemsarrxearamreeme:¢s®:earanrexQesucrsavavcsrsxsnsamxaar f

! !
f Do yoj wish to review or change organ parar„etc-:, (N/Y) <cr> f
f f
f r
if f
F f
f f
f f
f f
ffflffffffl!!Ilffflffllff€Ifff#etflffffffftlffff6fl3'ff3flffffflsEfe/f.flf,lfFlf

flYlffflfffffffffffltfffflffflfffflffFlffldkJdfffSfifflfffffffllff0flflfffff!
f f
I The size of the site in terms of fractional hectares f
I (fe., 10000 sq m), is 1.00 f
f I
f -`---°----------------- ---------^---------------f
I Do you wi9h to change this value (NiY)Y <cr> ~ f
f f
if The inventory will aitomatically be adjusted by the f
f appropriate area correction factor for each exposure f
if pathway based on a site size of 1.00 hectares. I
f !
f ceacaasaeecaaaeraaaraas=rnacasar.ara^reaeaxzreaaoraeeeavrcaaaamxaramea f

f Do you wish to review or change the above parameters (N/Y) <cr> I
ffffffFflffffffFlffffffl:IffflflfFlflfffffffFfflt€flfffEflffffffflFlffflflff

Figure 3.4-9. Sample Problem Five Interactive Session (Continued)
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oxocuticns. Instructions for using these procedures are givon in
Section 3.1.1. The first CCL procedure, named ON, performs the necessary
syste.rlevel commands to attach ftles, connect the files INPUT and OUTPUT
to the terminal screen, and execute the ONSITE computer program. The
second CCL procedure, named DONE, solicits a unique filename and a read-
protection key from the user. DONE then catalogs the ONSITE-generated file
with the user-supplied name, removes interim files from the user's work
area# and disconnects the files INPUT and OUTPUT frcm the terminal screen.
A third procedure, named SEND, routes an output file from the batch process
output queue to the Remote Job Entry (RME) printer at the SS-056 Computer
Operations Facility, Willste 8uilding, Silver Spring, Maryland. A listing
of the file containing these procedures is located In Appendix 1.D.1.

4.6.2 Software Security

Lfl All files in the ONSITE/MAXI1 software package have been protected against
modification, extension. deletion, and performance of control functions by
passwords. These passwords are not necessary for execution of any of the
codes in the ONSITC/MAXI1 software package. Requests for access to the

-^ passwords shou";, be directed to the NRC Project Manager. Execution files
created by ONSITE contain user ideatifieation and account information.

-- Those files are protected against read-access by a user-supplied password
as Jiscus:.^ed in Section 3.1.1.

CO!

<? 4.6.3 Computer-Code Conversion

Most changes to the codes in the ONSITE/MAXI1 software package were the
result of minor syntax variations in the hardware and FORTRAN compilers.

C14 The only major change in the CDC version of the software package is the
coding of the module RITFIL of the ONSITE computer code. A listing of the
CDC version of RITFIL is located in Appendix 1.D.2.

N

0%
4.7 $olerencas

Chapin, N. 1974. °New Format for Flowcharts," .of ware - Practi qo and
Experienc , Vol. 4, pp. 341-357, John Wiley and Sons Ltd., London,
England.
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ffBfBtEff#dffEEffdEESB#fffBtffBBtt#tttBditEtfBEf#BftBf#fttBtfffdffdf#fdfBfff
d f
d B
f This scenario assus.Rs both surface contamination and E
I contasrfnat(on from buried or siorod waste. What is f
E the ratio of wasto concentration in the surface to E
E subsurface sotls? (Range - 0.0 to 1.0) #
# The curront selection is: 1.00 E
0 t

t --'»-----------'---------.------------------------------------'•-`--- - t
# Do you wish to change this vaTue (ttlY)1 Y<cr> t
f if
f Enter new vaTuea 0<er> f
f f
fff=EtftEffdfBffffff9EtffffffBtffftffffftfftdEdfEtfftBtfffEffBEtBffftffBBdtE^

ERfffdfdd#fBfBdEtfEfB€t#fBElfB9BtEdffdfBAfftE#ffffEfftfBf#d##!'ffEfftftfEEBtf^

^ d The surface/burled tnventory may to entered as:
f 1 -pCt

^ E 2 - uc+ t
# 3 - m.C ( B

OD
If 4 - Ct #
E The currect selection fs¢ 1 if

in E #
f ------------------------------------------------- _ -_---_- - _ f

1-7 it E
F Do you wish to Change this value (N/Y)1 Y<Cr> t

(M E Enter new va)er: 4<cr> f
E f

^ EEEtftfffE#fffStfffd#fEfBffdfffBfffffffttfff#ffffttfttBfB#fEffftfffttffffffB

^ fdtfttftfd#fdEEtffdfffEtffffEtBB#tBtfffffEBfB+fffBffEBfffEBEffFEBftfEfftfftft
E t

0. E The contamination deposited on the site at start of if
f calculation eay be entered in the following units: f
I ►
0 0 - CS /square r.ster f
6 1- C( /cub(c rnoter t
f 2- Ct /Kg of soil f
t f
# The current selection is: I E
f IF
I B
I Do you wish to change this value (WY)? <cr> I
d t
fftfdtfdfffRdfdffflditfttf&dffffffffBffft:fEffffffffffBfffffftftfffffBfBffft

Figure 3.4-9. Sample Problcxa rtve Interactive Session (Continued)
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packages are listed In Table 4.6-1. Files res iding on MFA have been backed
up in duplicate on l ibrary tapes K355 and K1916. Files residing on MFZ
have been backed up in duplicate on library tapes K1917 and K1918. Backup
tapes were created w ith the DUMFF system coama nd. MAXII, MAXI2, and MAXI3
were developed on a UNIVAC 1100/70 conputer. The ONSITE computer code was

• developed on a Zentth-89 mtcracanputer. The software package was assem-
bled, debugged, and tested on a YPX-111780 computer.

4.6.1 Carveand Level Procedures

Three interactive Cy ber Control Language (CCL) procedures have been written
to handle most of the operating- system interface for the CNSITE/MAXI1

Table 4.6-1. Contents of the ONSITE/MAXI1 Software Package

Ftlegacxn rdX%UEt= Identifi.r.fon Ftie Tyna

PROCFIL MFA ONSITE Comr,:and level procedure
^.. ONSITE MFA ONSITEDB FORTRAN source code

MAXI1 MFA ONSITEDB Batch process file for
MFZ containing compila-
tion directives and

00 FORTRAN source code
MAXI2 MFA ONSITEDB FORTRAN source code

;rT MAXI3 MFA ONSITEDB FORTRAN source code
ONSITEABS MFA ONSITEDB Machine executable code
MAXIIABS MFZ ZZRNRC Machine executable code
MAXIZABS MFA ONSITEDB Machine executable code

LV MAx13f8S MFA ONSITEDB Machine executzble code
RMDONS MFA ONSITEDB Sequential data

° RMOLIB MFZ ZZRNRC Sequential data
FILE20 MFZ ZZRNRC Sequential data

S19 FILE21 MFZ ZZR!:RC Sequential data
PLANSCURC MFZ ZZRNRC Sequential data

!p` R0Cl4 MFZ ZZRNRC Sequential data
FILE23 MFZ ZZRNRC Sequential data
FILE24 MFZ ZZRNRC Sequential data
FILE25 MFZ ZZRNRC Sequential data
YOL.SOURC MFZ ZZRNRC Sequential data
DURIEDNF MFZ ZZRNRC Sequential data
BURIED1 MFZ ZZRNRC Sequential data
ORGLIB MFA ONSITEDB Sequential data
FTRANSLIB M.FA ONSITEDB Sequential data
CRDFLIB MFA ONSITEDB Sequential data
BIOAC MFA ONSITEDB Sequential data
ONFOR MFA ONSITEDB Batch compilation
M2FOR MFA ONSITEDB Batch compilation
M3FOR MFA ONSITEDB Batch compilation

^ 4.25
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dild:906##XO#06#X9i0#PBX9#L^#BGBFX#6X'#XX6XB."XX#/#X#X##BX#SX6X##dXXBXOXdB#Od#t
X #
X A

,r X N
X The surface/buried inventory dilution factor is: 0.20 X
if (range = 0.0 to 1.0E+20) if
X X
X #
X ---------------------------------------------------r----------------- #

^ X X
Do you wish to change this value (N/Y)7 <cr> X

# X
X #
X p
####XX#X##XX####X#XXX#XXX#X#X#X.#XX##X#XB#X#X#XX#XBXXiX#XXlX#XXXX#X^XXXXXXXX

X#X#XX#X^"XX#####XX##XX##t;.#p###XX###X#X#XX#XX#X##X#XX###XX;##XX#XXXXXXXXXX#X
X X
X X
X Do you wish to review or change any of the above parameters (W Y) <cr> if

€f? # X
X X

0% X X
X X

p X Do you wish to review and/or change solubility classification X
# for each organ for each radionuclide. The default assump- X

-- # tion Is elements are insoluble for lung and soluble for all #
if other organs. (WY) <cr> X

CO # #
# #

^sT ##XX#X###XX#X#XX##CX####X##X##########X#X#X##X##XXXXXXX##XX##XXX##X#XX###XXX

"^'3' #XXXX##>FX#8#####X8'X#tXX##XXX9X^XXB#XXX#XSXPXXXXXXX#XJRXefd4gX,",nsa'B^fiXEXX9#irS
X

CM if #
X #
if The following questions pertain to the radionuclide X
if inventory. After inputting the inventory. enter X

N # 1199" for element nar.:o to signal to the program that #
X you arc finished. #

ON # I
# X

-----_=--' ------ if
#

X

if Press <return> when you have finished reading: <cr> if
X #
##XX#X#XX#########X######Xa#X#X#XX^`X#XX##X####BXXXX#X#X####XXXXX#Xdi####X##X

Figure 3.4-9. Sample Problem Five Interactive Session (Continued)
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Table 4.5-1. Additional Parameter Descriptions: MAXI1 ( Continued)

PiF.SFcLIST
Set/N.=bar

Parametor Array
N2ZQ EleTPn^'+

(cont)

1 - Total body
2 - Body water
3 - Kidneys
4 - Liver

Le) 5 - Spleen
6 - Bone

"T
7 - Fat
8 - Lungs

CSJ

,.a..ao

for ISOSHLO generated file 22); and it
can modify the number of hours of
exposure: per year (based on a fui 1
year of exposure or 8766 h/yr = 1.0).
ONSITE uses the parameters ISUR, 122,
and XF2 to simplify input of this
parameter. MAXI1 will calculate XFACT
only if values have been entered in
NAMELIST INPUT for ISUR, 122, and XF2.
This logic alloxs the user to enter a
value for XFACT through the NAMELIST
statement.

Table 4.5-2. Organ Selection

9 - Adrenals 17 - Pancreas
10 - Testes 18 - Heart
11 - Ovaries 19 - GI tract
12 - Skin 20 - Stomach
13 - Brain 21 - Small intestine
14 - Muscle 22 - Upper large intestine
15 - Prostrate 23 - Lower large intestine
16 - Thyroid

4.6 CDC Comou .r-CO e Ins alla ion

CM The installation of the ONSITE/MAXI1 software package on the Control Data
Corporation (CDC) computers at Brookhaven National Laboratories is dis-

0^ cussed in this section. Computer operation-system interfacing on the CDC
computers is largely transparent to the user due to procedures included
with this software package. These command level procedures are discussed
in Section 4.6.1. Software security procedures established on the CDC are
discussed in Section 4.6.2. Conversion of the computer codes for execution
on the CDC is discussed in Section 4.6.3.

The ONSITE/MAXII software package is ins,talled on the Brookhaven National
Laboratory CDC 6600 (MFA) and CDC 7600 (MFZ) computors. The package has
been modified to execute under INTERCOM Version 4 software control. The
MFA computer uses the NOSIBE 1 operating system and the MFZ computer uses
the SCOPE Version 2.1 operating system. The source code is compiled with
the FTNS FORTRA1N compiler. The contents of the ONSITE/MAXI software



BffBBBBBBiBBBfBBB#B#BBBBBfBBBfBfBBBBffBffiifBiifB#ifBBfBfiffiffiiB#fff#iBBfBBBBB
B f
B #
f Enter new 2-character elevrent (99=finishod): CO <cr> B
if #
B Atomic number input can be up to 6 characters long. #
# Include metastable (M) and daughter (+D) designation, (i.e., TE171M+D) B
B #
B Enter atomic number: 60 <cr> #
B #
# Enter the quantity of 0060 deposited on the site at start of #
B calculation (units: Ci /cubic meter .1 <cr> if
B if
# #
##iB##f####Bi####B#f####P###B#fi#BB#B#### i#BB##i##B######ig###Bf##B###BBB#:C

B##########i#i##^###B#####iBBB#i###f#iB##if########3B###*###ff7##B#0#J#B#####
# #
# #

To consider only irrigation or only drinking water contamination, B
# enter zero quantity for the other pathway. B

4
^

B #
{ # Enter the concentration of C060 in the irrigation water at start of#

# calculation (units: pCi/liter): . 1 <cr> if
B #
if Enter the concentration of C060 in the drinking water at start of #
# calculation (units: pCi/liter): 10 <cr> #

OM
#

f^ f#B#####B###B#9##BP######A`f###f###B##B###B##B######B###B#ifBB#B##fB###kB#B##

B#ABBBBF@BidBdB#B#BB##BAA#.fB#F#EB#BBBBRFPBF#7#BESi##fiB#fftBfSB#BB#B8#d#####B

04
B Enter new 2-character element ( 99=finished): I<cr> B

^ f #
# Atomic number input can be up to 6 characters long. B
# Include metastable ( M) and daughter (+D) designation, (i.e., TE127M+D) B
i
B Enter atomic number: 129 <cr> ^

# B
if i
B Enter the quantity of I 129 deposited on the site at start of if
B calculation ( units: Ci /cubic meter ): .1 <cr> B
B #
if #
#####B###########B#####B#######ii##9##f###f##,^#B####Bf####t^#########>°#f#####^

Figure 3.4-9. Sample Problem Five Interactive Session (Continued)
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Table 4.5-1. Additional Parameter Descriptions: MAXI1 (Continued)

NFiC;ELIST
Sotl'nuFber

Parmater Array
Na^,xi Fler+e.n s DataT,vne DeG rto f Eon

IDKWAT INPUT Integer Decay the irrigation and aqu3tic f.ood=
release term for IT2-IT1 years,
starting at the.beginning of the
scenario?

0 - no
1 - yes

(Default value: 0)

INTRUD INPUT Integer Special inhalation model selection:
0 - model not selected
1 - model selected (allows a one-year

exposure with annual doses)
(Default value: 0

NEXT INPUT Integer Case control index:
1- this is the first case: read

libraries, NAMELIST INPUT, and
inventory; perform calculations
and prepare for following cases

2 - not used by MAXI1
3 - this is a subsequent case; read

title and NAMELIST INPUT, perform
calculations, and prepare for
following case

4 - end execution; previous
title record was a dummy record

5- special case handling not used in
this application.

OK (100) Real Atmospheric release source term in
pCi/yr. Not used in this application.

XUSITE INPUT Real Chi/q value at the site.
(Default value: 0.0)

XFACT INPUT Real This parameter has three functions: it
can be used to turn off the surface
external pathway (XFACT=O.); it can
modify the units of the surface
external DRF file assigned to logical
unit 22 allowing use of ISOSHLD
generated files (XFACT=1.0 for MAXI2
generated file 22, XFACT=5.844E-11

4.23



JdJdiiAJFJBAJiJBJdidJIIF#IIdJABJ6dddidJBB#AdIIiJBJiidAJJBd#B#JJAiiBidIIBAJ#JdiJd
d J
i To consider only irrigation or only drinking water contamination, J
d enter zero quantity for the other pathway. I
# d
if J
d Enter the concentration of 1 129 in the irrigation water at start of#
if calculation (units: pCi/liter): .1 <cr> IF
J J
A #
J Enter the concentration of 1 129 in the drinking water at start of J
J calculation (units: pCi/liter): 10 <cr> #
# J
d #
F##AB#tAd##BdJ####J##ABAJ#AdJ#J#J#JJ#FJAJd##A##AAA#BJ#JJA##d###AdAJ##d###dBA

F######B#JJ#€##d#EF#d#####A##Jf###1#######dB####Ji##i##J###dAd##A#J##JJt##iJ
# i
d i

C7
J Enter new 2-character element (99=finished): SR <cr> #
A J
B Atomic number input can be up to 6 characters long. J
# Include metastable (M) and daughter (+D) designation. ( i.e., TEI27M+0) #
d J
A Enter atomic number: 90+0 <cr> J

J J #
J B
# Enter the quantity of SR90+D deposited on the site at start of if

calculation (unfts: Ci /cubic meter ) : .001 <cr> F
^,f7 # J

##AA##&###B6A#d##fd#dJ###8#d####Js^A#Ai#J#A#####;Pse.'#JAJJ##ABA####dA#6#p'#AJAd

A#A###d#F#B#dd##tF#J##J#JJF##Add#Fd##dd#€##Jd#B###A#A^€##FA65J##F#####€#AB#A#
CV J #

# d_
J To consider only irrigation or only drinking water contamination. #
if enter zero quantity for the other pathway. d

:^d J d
J #
d Enter the concentration of SR90+t) in the irrigation water at start of#
if caiculation (units: pCi/liter): .1 <cr> #
J J
J #
J Enter the concentration of SR90+0 in the drinking water at start of A
# calculatiot. (units: pCi/liter): 10 <cr> J

f # F
##AA##A##e########Bd#OJA############JAAJ####AAA#dAF##J#AAA####AA##dB##.fAA##d

^ Figure 3.4-9. Sample Problem Five Interactive Session (Continued)
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4.5 Adg4tionai Para gr poscriR ion

The Level 3 User may utilize the dtAXI1 computer code for a wide range of
aoplicattons. A primary criteria in the development of the scenarios and
the ONSITE caoputer code Is that the code package should be easy to use.
Consequently, some of the options that have little application to low-
level waste storage are not manipulated by the ONSITE code. The Level 3
User may use these options and parameters when manually establishing triAXI1
input files. MAXI1 parameters not manipulated by ONSITE are Iisted and
described in Table 4.5-1. Table 45-2 lists the organs used by the MAXI1
code and the organ reference index associated with each organ.

Table 4.5-1. Additional Parameter Descriptions: t+,AXI1

NTWLIST
Set/Number

Parameter Array
aaea -Meraents D& F T= Descrio_WtV

DILF INPUT Real River d1lution factor in units of
(1/yr)- to convert input river source

" term of pCi/yr to pCi/t,.
(Default value: 1.0 - no modification)

IAIR INPUT Integer rfill there by continuing atmospheric
deposition?

ifl
0-no
1 - yms

..^. (Default value: 0)

C%j IBIO INPUT Integer Not used in this application.
(Default value: 0)

^ IBLOW Integer Number of years cuntaminants blew onto
the site prior to the beginning of the
dose calculation.

0% (Default value: 0)

IBYR Integer Special input/output parameter not used
in this application.
(Default value: 0)

IDKAIR INPUT Integer Decay the air-release source term for
IT2-IT1 years, starting at the begin-
ning of the scenario?

0 - no
1 - yes

(Default value: 0)

l..
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diSBPBBBdBBBBdBdtiBitdBBiiAdiidBfddiidPdPBAditABiiidiCBABBiiddABdtdiBIIBiiiBB
B t
I Enter new 2-character element (99=ftnished): A<cr> i
B B
I Atomic nunber 4nput can be up to 6 characters long. B
I Include n:etastable (6t) and daughter (+D) designation, (i.e., TE127M+D) I
I I
B Enter atcmic number: 238+D <cr> B
i B
B d
# Enter the quantity of U 238+D deposited on the site at start of I
# calculation (units: Ci /cubtc meter ) : .1 <cr> d
B #
BBdBdBBB#BtidBBdtdBBBBBCitdB9#dt#Bdd#s^BB#tM#Kdd^FddttdBBPdiBBtd#k`d##s^r#°diBBd

d#BBBididdiddddtiid###di##k#d#BPt§##BdBB#dt#ddiit#tt#Bd##dtddd##BtBBBB#ddddB
P I
d To consider only irrigation or only drinking water contamination. I
B enter zero quantity for the other pathway. d

d Enter the concentration of U 238+D in the irrigation water at start off
^ i calculation units: pCi/liter): .1 B

i . #I

y. # Enter the concentration of U 238+D in the drinking water at start of #
if calculation (units: pCt/liter): 10 Of

^. t #

Enter new 2-character element (99=finished): 99 #
'. B #

t!7 ####ddBP#######B##BBB####>"#d#d#####'##B#####i#ddd###B##B###d##B#########dd##d

B###^#d##d#I,a^###^II#tstt############A###M#####B##B#BB###B###############d###
# d

(!4 # Surface/Buried Drinking B
# Ci Irrigation Water d

Radionuclide /cubic meter Ci /1 ('i /1 #
# ------------ ---------- -°------ ----------- #

^ # C060 0.10 0.10 10. B
d I 129 0.10 0.10 10. #
# SR90+D 1.00E-03 0.10 10. #
# U 238+D 0.10 0.10 10. #
# #

_

# Do you wish to review or change the above parameters (N/Y) <cr> d
# Do you wish to add radionuclides to the above inventory? <cr>
# #
########################t7##'#####################################J###########

`

;

Figure 3.4-9. Sample Problem Five Interactive Session (Continued)
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Table 4.4-1. MAXIl Execution File Organization

FiTe Po.ii:ioi artagl^^,criSt4AoiE/Fcnrawt

First nl lines • Logical unit/file assignment statements to
assign the master radionuclide file and selected
dose rate factor files for logical units 20-25
and logical unit 27.

Following line • System command to execute MAXI1

Next line s Identifying title, up to 80 characters

Following n lines • NAMELIST set INPUT as described above

Next line • NIN (number of radionuclides, including
daughters) (I5)

• IRR (number of years of irrigation prior to
^ calculation) (IS)

• IBLOW (number of years contaminant biew onto
site prior to calculation) (IS)

Next NIN lines • For each radionuclide n, one line contains the
-' toilowing information:

`-^ AWI(n) - atanic element symbol (A2)
ELTI(n) - atanic number (A6)
NSOLD(1,n) - first organ (I1)
NSOLD(2,n) - second organ (I1)
NSOLD(3,n) - third organ (I1)

C14
NSCLD(4,n) - fourth organ (I1)
NSOLD(5,n) - fifth organ (I1)
Q(n) - contamination deposited on the site

(E10.2)
QI(n) - river release source term (E10.2)
QJ(n) - drinking-water release source term

^ (E10.2)
QK(n) - atmospheric release source term

(E10.2)

Note: NSOLD is the transiocation classifica-
tion index for selected organs where:

1 = Class D
2 = Class W
3 = Class Y.

^ 4.21
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(This interactive session generates the following file.)

account-name,STMFZ,CM160000,EC400,T177.
ACCOUNT,account-name,problem-numbor,problem-number.
ATTACH,TAPE20,FILE20,ID=ZZRNRC.
ATTACH,TAPE21.FILE21,IDmZZRNRC.
ATTACH,TAPE24,FILE24,ID=ZZRNRC.
ATTACH,TAPE25,FILE25,I0=ZZRNRC.
ATTACH,TAPE22,PLANSOURC,ID=ZZRNRC.
ATTACH,TAPE27,BURIEDI,ID=ZZRNRC.
ATTACH,TA.PE10,RMOLIB,IO=ZZRNRC.
ATTACH,TAPE23,FILE23,ID=ZZRNRC.
ATTACH,AE;S,MAXIIAI3S,ID=Z2R14RC.
COPY,ABS,LGO.
RETURN,ABS.
MAP,OFF.
LDSET,PRESET=ZERO.
LGO.
teor^
SAMPLE FROBLEM FIVE
3INPUT NEXT=1,^

IFOD=1,IARG=1,IF9AT=1,IEXT=1,

r
ISUR=1, IAIR=0,
RIRR= 150. , M=6, RF1= .600 , RF2= .400

_ RPF1= 0. , RPF2= 1.00
IDKMAT=O,
AGE=-1, DEN= .100E+07, XMLF= .100E-03,
RINH= .228154, DILF= 1.00 , XF2= .200E+04,

to M3M2= 1, INTRUD=O, 122=0,
IT1= 10, IT2= 59, NORG= 5, KOW1)= 1, 6, 8,16,23,
SRDIL= .200 , FRSIZ= 1.00 , AREA IN= 1.00
AREAEX= 1.00

^y IOUT= 0, ION=1, SEND
4 10

_ 0060 11311 1.00E-11 .10 10. 0.
I 129 11211 1.00E+11 .10 10. 0.
SR90+D 11311 1.00E+09 .10 10. 0.
U 238+D 22322 1.00E+11 .10 10. 0.

CT (eor )
teof 1

Figure 3.4-9. Sample Problem Five Interactive Session ( Continued)

.
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4.4 Innut F11e Oroanization

^ The ONSITE computer progra.m rolioves the typical user of the need to be
concerned with the details of input file organization. Only the Level 3
User (see Sections 2.2.2 and 3.1), that is the user who wishes to interact
directly with the MAXI1 program to set up unique scenarios, needs further
information about the MAXI1 program. The following descriptions will
assist the Level 3 User in setting up proper input for the MAXI1 code. The
information in Section 2.4, Section 4.5, and this section will assist the

• Level 3 User in appropriate parameter selection and organization.

The MAXI1 execution file contaiis system commands to assign appropriate
files from the data base and to ^un the MAXI1 code. The file also contains
MAX11 input; an identifying title, NAMELIST input, and the source term.
The organization of the MAXI1 execution file is detailed in Table 4.4-1.

MAXI1 uses the FORTRrW NAMELIST set INPUT for entering parameter values.
For this set, the first NAMELIST record must be blank in column one;
"3INPUT" must be located in columns 2-8 and may optionally be followed by
data items. The data items are separated by comnas and the last item must
be followed by "SEND". The data items must have one of the three following

CV forms:

^ (1) EdLOineter Name = Constant . The parameter name may be either
subscripted or not.

(2) er^y Name = Set of Constants ( eparated by,own-s) . The number
of constants may be less than, but not greater than, the number of
elements in the array, and must be In the same order as the array
is stored, i.e., the first subscript changes most rapidly.

(3) Subscripted Parameter = Set of Constants (separated by commas) .
The set of constants will be placed in consecutive array elements,
starting with the element designated by the subscripted parameter.

Data items that are set via the NAMELIST statement are identified in
Table 3.2.3-1 and Table 4.5-1 by the name of the set (e.g., INPUT) in the
second column.

CP_
MAXI1 can handle consecutive cases in an execution. Each case is preceded
by an 80-character one-line title, and NAMELIST statements and parameters.
The origin?l inventory is used in all subsequent cases. The parameter NEXT
handles successive casns. The end of the run is signaled by a dummv title,
record and the NAMELIST INPUT parameter set to 4. The output from the
ONSITE sample problem interaction sessions are examples of MAXI1 input
file organization (see Figures in Section 3).

r
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. , . , -
g Z 1 24 a3 1 30 3

MAXI - Maxinoat Annea) Dosa Ctlculatlon Verston YAXZ.: 25-APR-84
E..ccutea on 11-M4Y-B4 at 13:<2:25 .

Cass tltle:SAMPLE PRCBLEM fIYE
------------

RADIONUCLIDE CHAIN LIURARY USED; RA^;IOIa)CLIDE ".:STEP DATA LIBNaRY I. TfrM.SLCCA?It% 0.W.E5• 6-APR-84 RAP
DOSE FACTOR FILES USEO FOR THIS CASE:

•20 FOGD-LEAS: Lea! Incrmnntal Dosa Factors ( Cr t),e
•21 F000-SOIL: Sot Incro+m"tal Dose Factors for the Oq<,TErB)C."(RT
•22 SHALLIm EXTERNAL: V+tITE/BICFbRT EXTERNAL CRFS FOR S7RFACE ( PLANE SCUR
•23 DAC2 IN-IFNALATICM: DOS) DOSE IN%'ERENT FILE ONSITE/BIOKRT ENV. 16-APR-84 RAP
24 ARRhG-FISH: Incnmontal Aquatic FonEs Dose Factors - OVSITE/BIOP

•25 ARRRG-DRINX N20: Increnental Orin>ing Water Dcse Factors - ORSITE/DIO
427 ISOSHLD EXTERNAL : ONSITE/E':CPoRT EX:ERNY L`RF ( BURIED AT 1.0 N) 9-AFR

W

V
w

DOSES CALCU!ATED FROM 10 TO 59 TEPRS FOLLCtlIKi TIME ZERO

PATHeAYS INITIALIZED FOR DOSE CALFULATIONS: SPECIAL PARAKTERS INITIfLIZED:
FA4M PRODUCT INGESTIIXV: ON
INHALATION OF RESUSPENDED MA.TENIJL :ON
i4UATIC FOODS INGESTION: ON
ORiNt:1G WATER INLESTION: ON
CUNTINUING A1vOSFnMERIC DEPOSITION OF
EXTERNAL FROM BURIED WASTES ON
EXTERNAL FROM SURFACE DEPOSITS: ON

FARM PROCUCT PACAHETERS USED:
FRACTION OF ROOTS IN UPPER SCIL: 0.60E.00
FRACTIO.Y OF ROfiTS IN BURIED WASTE 0.40E•00
FRACTION OF TOTAL DIET GRCaN ON SITE: I.OOE•00

UrYENTORY OIIUTlp• FAC'CR: 2.OOF.-O1
GfCAT OF RIYER NEiEAiE SOURCE TERN NOE PERfCRN`'C
CECAf OF AIR h`ELEASE StrJR"E TERN NOT PERFORRED
SITE X10: 0.C9E^00
SPECIN. !NNALATIGN f4;aEL NOT USED
SIZE OF THE SITEs 1.00000 FRACTICNK NECTARES
INTERNAL PA:MNAY AREA CORRECTION FACTOR: I•GOE400
EATERNIL PATr91AY ff(EA COR4FCTION FACTOR: 1.00E^00

IRRIGA7Id'f RATE: 1.SOE^O2L/N•r2/NC
HCV(TH5 PER YEAR IRRIGATEO; 6
RIVER CILUTIDN FACTOR: 1.OOE.00YRIL
YEARS OF ERRIGATION pI'H CCV(TAMINATED WATER PR10R TO

TME DOSE CALCULAlIOt(5: 10
EXTERNAL E7(POSURE PARla^ZTERS USEJs

RATIO IF EXTERNAL CCNTAVINATION IN SURFACE SOIL TO SUBSURFACE SOIL O.OOE•DO
WM&ER OF HOURS OF EXPOSURE TO EXTERNAL CttITA4INATIOM 2.OOE403
SURFACE DEPOSITS DRFS FROM ISOSHLD) MODIFICATION FACTqf: 5.844E-11

IN(ALATICN PARAAETERS USED:
FWIFICA7I0.N FACTOR • RINI(: 2.28E-01

(EOrJIYALENT TO BREATHI)4 RATE OF 230 CC/SEC FOR 2000. HRIYR)
RESUSPENSION M)DEL USED FOR CALCULATING AIR CONCENTRATION: NASS LOADING
SOIL DENSITY, G/M+y: 1.OOE•06
MASS LOADING FACTOR, G(MI•3; 1.00E-04

ORGANS FOR NHICN DOSES ARE CALCULATED (SAPF ORDER AS SCCI.BILITIES GIVEN E`EirUf):

TOTAL BCCY DONE LU.tiGS THYRCID GI-LLI

t

1J !

t
3 r

Figure 3.4-10. Sample Problem Five Output



Table 4.3-6.. ONSITE Data Constants

.-.°

co

^

'!'y

^

i^

+^l

!T

:$

vj

\

Constant MoSule
tt_IM CM'r.4r.SSR' K8 'e d.ffitiSoA - Dac.-r9ptAC-n

SCRN 1 ONSITE Logical unit number of the
CNANGE computer terminal.

OUT 7 ONSITE Logical unit number of the out-
put file from ONSITE.

XFACT 5.844E-11 SCENR Unit conversion factor:
(hr/yr/mrom) (ci/pCi) 0.15.

DILF 1.0 SCENR River dilution factor.

INTRUD 1 SCENR Special inhalation model option
not manipulated by ONSITE.

UNITS(2.3) "/square meter" ONSITE Source-term input units
"/cubic meter" corresponding to the index
"/Kg of soil" M3M2.

ORG(23) "organ name" RADIN Organ titles for transloca-
tion class review: "organ
name" arranged as indexed in
Table 4.5-3.

ANS(2) "(N/Y)" OPTION Default response logically
"(Y/N)" selected for pathway selec-

tion based on the value of
the option flag.

EXTFAC "On Surface" ONSITE Description of waste location
"Buried at 0.5 " for external exposure calcu-
"Buried at 1.0 m" lations.
"Stored Waste!'

NYU "pCi^ "mCi" ONSITE Description of input unit
to Ci" "CS" selection for source term.

NYUNIT 1.0 0':SITE Source-term input units modi-
1.0 x 103 fication factor, corresponds
1.0 x 106 to constant NYU.
1.0 x 109

4.19
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9 2 1 2 4 5 8 l { 0 4

INPUT PREPARED BY ^ DATE- ^v----

INPUT CHECKED BY DATE
_ _ __ !F.'{6 4ee 1

A

. ti

RELEASE TERMS SOIL SOURCE IRRIGATATION/AQUATIC DRINKING WATER AN. RELEASE
NUCLIDE ORGAN SOLUBILITY CLASSES (PCI/M**3) (PCI/L ) (PCI/U (CI/YR)

CO 60 1 1 3 1 1 2.00E+10 1.OOE-01 1.OCE+01 O.00E+00
SR 90+D 1 1 3 1 1 2.00E+08 1.00E-01 1.00E+01 O.00E+00
U 238+D 2 2 3 2 2 2.00E+10 1.00E-01 1.00F+01 O.O0E+00
I 129 1 1 2 1 1 2.00E+10 I.OOE-01 1.00E+01 0.00E+00

********************PLEASE NOTE ANY SPECIAL CONSIDERATIONS IN THIS SFACE'*****x*e*********x*
* *

* *
i**I*if!*il**1FYM**11Y******t**Ril*R**0**Mil *1.`M*MiF*Y*Y/IIYiF**IIYX*YY*M!**Y il*il***1!*M***Y*iFY*iF*IfYf*Y!M

G1

SOIL,AIR, AND WATER CONCENTRATION SUMtARY FOR THE YEAR 10

RADIONUCLIDE SURFACE SOIL DEEP SOIL AIR IRRIGATION DRINKING WATER
PCI/M2 PCI/M3 PCI/M3 PCI/L PCI/L

CO 60 4.89E+02 5.35E+09 3.26E-07 1.00E-01 1.OCE+01
SR 90+D 8.58E+02 1.57E+C8 5.72E-07 1.00E-01 1.OOE+01
U 238+D 9.90E+02 2.00E+10 6.60E-07 1.00E-01 1.00E+01
I 129 9.90E+02 2.00E+10 6.60E-07 1.00E-01 1.00E+01

SOIL,AIR, AND WATER CONCENTRATION SU6IMARY FOR THE YEAR 59

RADIONUCLIDE SURFACE SOIL DEEP SOIL AIR IRRIGATION DRINKING WATER
PCI/M2 PCI/M3 PCI/M3 PCI/L PCI/L

CO 60 6.38E+02 8.38E+06 4.26E-07 1.00E-01 1.00E+01
SR 90+D 2.80E+03 4.76E+07 1.87E-06 1.00E-01 1.00E+01
U 238+D 5.40E+03 2.00E+10 3.60E-06 1.00E-01 1.00E+01
I 129 5.40E+03 2.00E+10 3.60E-06 1.00E-01 1.00E+01

Figure 3.4-10. Sample Problem Five Output (Continued)
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Table 4.3-5. P4AXI1 Data Constants ( Continued)

Constant Ffadule
_.F:a,im- Conc mnt LaQra&9m 2®scri04on

Unnamed 10 RLIBIN Logical unit number of the master
radionuclide library.

Unnamed 20 DFREAD Logical unit number of the leaf-
mechanism dose rate factors file.

Unnamed 21 DFREAD Logical unit number of the soil-
mechanism dose rate factors file.

Unnamed 22 DFREAD Logical unit number of the surface
external exposure dose rate factors
file.

Unnamed 23 INSET Logical unit number of the inhala-
.^ ion dose rate factors file.

F^.
Unnamed 24 DFREAD Logical unit number of the aquatic

y'OA foods dose rate factors file.

Unnamed 25 DFREAD Logical unit number of the
drinking-water dose rate factors

- file.

W Unnamed 27 DFREAD Logical unit number of the buried-
waste external-exposure dose rate
factors file.

Unnamed 30 MAIN Logical unit number of the inven-
tory file. This is used only when
IBIO=1.

Unnamed 40 OUTPUT Logical unit number of output
plot/summary file. This is used
only when IBIO=1.

P%
C
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SAMPLE PRCBLEM FIVE

w
V

92 1 241 5 8 1 10 5

MAXI. Version VAfi2.2 25-APR-84 etecute0 on 11-NAY-84 at 13:48:25

. ^„

MAX71H1M ANNUAL DOSE SUMMARY FOR ,HE YEAR 30 FORTOTAL BODY

FkPOSURE PATHNAY
INGESTION INHALATION EXTERNAL ACUATIC FOOD DRIhKING tlATER

RA..iONOQID"t
------------

REM
------- ----

R
----

REM
--------- -

S
-----

REM
--

p REM E REM R

CC60
-

8.86E-44 C

-

5.16E-12 0

--- ------

2.IOE-05

-----

90

---------

2.04E-07

-------

0

---------

4.12E-06

-------

0
SP90-D 1.08E400 71 2.SIE-09 59 S.OSE-08 0 2.55E-05 92 7,60E-04 81
U 238/0 1.iSE-01 8 1.65E-09 39 2.a E-06 9 1.45E-06 5 1.39E-04 14
I 129

----------- --
3.IIE-01

-------------
20

---------
7.3E1-11
----------

0
------

1.60E-08
--- ------

0 4.18E-07 1 3.,.2E-05 3

TOTA.LS INGESTION i INHALATION S

--- --
EXTER4AL

-------

E

-----------

AOUATIC
---------

fOQD S

-----------

DRINKING

-------

kATER S TOTAL
1.52E.00 99 4.20E-09 0 2.33E-05 0 2.76E-05 0 9.35E-04 0 1.52E400

MAXIPUM R:NUAL DOSE SU!RMARY FOR THE YiAR 30 FC4 DONE

EXfUSURE PATHeAY
INGESTION INHALATION EXTFANFI AOJATIC FOOD DRINKING WATER

RADIONUCLIDE
------------

REM
------ ---

f.
---- -

REM
- -- --

F
-

RCM
--

x kEM A r,EM S

C060

---

O.OOE+00 0

- -- --

0.00E+00

- ---

0

----- ----

2.10E-05

---_

90

_--- -_-_

0.07E^00

-__-._

0 0.O0E.00 0
SR90•0 4.02E•00 64 3.75E-08 57 5.05E-08 0 9.52E-05 79 2.83E-03 54
U 238-0 2.IIE+00 33 2.72E-08 42 7.27E-06 9 7.4L£-05 20 7.35E-03 45
I 129

------ -------
1.IIE-01

--------- ---
I

-- -
5.74E-13
-- r 

0
__-

1.EOE-08
. _--«

0 1.48E-07 0 1.14E-05 0

TOTALS
-

iNGESTION

- -----

A

-------

INHALATIOM

-

i

-. __-- _--- __------

f

_--__-_W_

AGUATIC

___^_-_

F0^ S

_-_ ^.

DR`NI:IN^

..r^._

WATER Y TOTAL

6.24E-00 99 6.47E-08 0 2.33E-05 0 1.20E-04 0 5.191-03 0 6.25Et00

MAXIfUM ANNUAL DOSE SUMI4ARY FOR THE YEM 10 F OR : LnGS

EXPOSURE PATIMAY
INGESTION INfULnTION EXTERN71 AGUATIC FOOD ERn.KING WATER

RADIONUCLIDE
--------- -

REM
---

,S REM t R£M x REM 1< REM
- -

CCGO

------- -

0.00E400

---- -

0

-_-----_--_

4.19E-10

--_

0

.-_-__---_-

1.:3F-04

----

98

_--____--

O.OGE-00

__..Y-_

0 0.(X.'E1OO 0
SR90•D 0.00E•00 0 1.38E-09 i 2.42E-po 0 0.O0E+C0 0 O.CCE•00 0
U 138•0 0.00E.00 0 9.26E-08 93 2.15E-06 I 0.0x'E400 0 07^E+00 0
1 129

..-__-- -
0.00E+00

--
0 3.79E-11 0 5.68E-09 0 0.00£>00 0 04 +E•CO 0

----
TOTALS

-----------

1NGESTICi.

---------

3

-_------- .

INHALATION

-----

f

---------------

EXTERNAE
-----

f

_.-__._-__

OQUATIC

---___.-

FpOD ;
---_.

DRINnING NATER S TOTAL
0.OCF.00 0 9.44C^08 0 2.00E-04 99 0.OCE.00 0 0.00-f00 U 2.01E-04

Figure 3.4-10. Sample Problem Five Output (Continued)
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Table 4.3-5. MAXI1 Data Constants

Constant m3C-Blle

AAnn Qr.a2te,9t Va1ue l.aca&iesa Descrintion

ONAME(r.) 'organ name' OUTPUT Organ titles for report: 'organ
QAPA6E name' as it appears in Table 4.5-3.

Unnamed 1.0 x 109 AFACT Resuspension factor a1ter 17
years, in units of m, used with
Anspaugh model. (See Equation 2.7)

Unnamed 0.15 MLOAO Correction factor for units
in PADOS with SOILCN in pCi/m2.

Unnamed 3.15 x 104 SOLCON Air concentration time and deposi-
tion veloFity conversion factgr:
3.15 x 10 sec/yr x 1.0 x 10
m/sec.

Unnamed 3.175 x 104 MAIN Air concentration conversign
factor from Ci/yr to pCi/m'.

Unnamed 1.0 x 10-4 AFACT Resuspension factor - Anspaugh
model. (See Equation 2.7)

Unnamed -2.87 AFACT Effective decay constant used in
the Anspaugh equation. (See
Equation 2.7)

Unnamed 5.844 x 10-11 PADOS Unit conversion factor: ( emimrem)
(hr/yr) (Ci/pCi)

Unnamed 1.0 x 10-3 PADOS Air deposition velocity for
all resuspended particles, m/sec.

Unnamed 2.635 x 106 PADOS Nusber of seconds in a month.

Unnamed 365.25 SETDAT Number of days in a year.

Unnamed 0.693 SETDAT Natural log of 2.0.

Unnamed 5 MAIN Logical unit number of the input
file.

Unnamed 6 QAPAGE Logical unit number of the input
OUTPUT file.
PNTO

4.17
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w
v
rn

9 2 1 z 4 ^5 3 ! 11 6

MnX1WU +hkUI1 DOSE SL'aWARr FOR TNE YEAR :7 FCR TNrROID

EAF;SL4tE PA04AT
1!:GFSTION I4iw A; IOM EXTFRnAi

PACICM.."d10E REM ----- --1S - REM R R£P %

C(tO O.OOE.00 0 0.00E!00 0 8.31f-CS 97
SRC0+0 0.OCE•00 0 0.00E•00 0 3.41$ -J8 0
U 230•D O.COE•00 0 0.00E(00 0 2.19E-C6 2
1 179

____ ____
2.45E•02

_____ - -
100

-
1.09E-08 100 9.79E-09 0

_ __ __

TOTalS

_ __ -

IhCESTICni

---- --

S

----------- ti_

IN(*A!-ATIR4

__-M__ _________---__
ExTFR•(AL

____

S

2.45E•02 99 1.09F Gd 0 8.S4E-05 0

MA,SINIV ANNUAL DOSE SUMVAT FOR WE YEM 10 FOR L'.I

^ wy

AOi2JTIC FCOD CplhvihG WATER
REM -- -Y & - REp ---- R--

O.OCE.eO 0 L.OCE•00 0
O.CCE•00 V O.COi•CG 0
O.OOE•CO 0 0.00t•00 0
3.29E-04
_________

100
______

2.53E-02
___ __

IGO
_ __

F[II;AT;l FCCO t

____ _____-_-

Cx1R!:++G xATER A TOTfC

3.29E-04 0 2.53E-02 D 2.45Er01

E%POSURE PA71n{AY
I>IGESTIOR IhxAEATIOM Ex1ERxAL AW T1C Fq,'%1 DaI•IK1xG xAIFR

RAOfOhL•CtIOE RER ------- -- 9 - RFM R RIM A RiM _ -S REM ---A -

CC60 ;.17E-01 3•=SF-12 7 1.92E-04 98 1.931-06 31 3.911-05 13
SR9C•D 1.J3E-01 30 1.06E-11 23 2.42E-08 0 2.1C:-06 36 6.7rtE-05 23
U 238•D 1.67E-01 38 3.09E-1E 68 2.15E-06 I 1.94E-46 31 1.B6C-04 63
1 129
- -

1.67E-02 3 0.391-14 0 5.68E-09 0 2.24E-08 0 1.73E-06 0
-- ------ ----

TOTAIS
----- ------

IMGESTION
------_____--_____-

INNALATICM

_____-

F

r__-____-_-

EXIEP.NA!

___.___

f

_________

A(]UATIC fO!{i S ORLN,RING WATER f TOTlE

4.3CE-01 99 4.53E-11 0 2.00E-04 0 6.17E-06 0 2.95E-04 0 4.31E-01

I

^ ^.

^.....-.

Fiyure 3.4-10. S:mple Proble^n Five Output (Continued)
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Table 4.3-4. ONSITE Common Block Definition and Usaga

Cwmmon
Block
aMa _,_ Var4abins Us%-J by R3oe9yle

AREA FRSIZ AREAEX ONSITE
AREAIN RITFIL

.........
DESC

...............
TITL(20)

.............. ..........
ONSITE

.......
QUANTI

.......
CYf^P1GE

UNITS(2.3) SCENR RITFIL SFLECT
NVU(4) MODIF OPTION GROUP

RADIN INTRO
.........
FLAG

...............
ISUR

.............. ............
ONSITE

...........
QUANTI

........
CHANGE

LO
IRS SCENR RITFIL SELECT
ILOC MODIF OPTION GROUP

I
INUT RADIN INTRO

^
........
INV

................
NIN

..............
ELTI!:00)

............
ONSITE

..........
INTRO

.........

AWI(100) QK(i00) SCENR CHANGE
NSOLD(5.100) FRJDIF SELECT
Q(100) RADIN GROUP

co QI(100) OUfuNTI OPTION
QJ(100) RITFIL

Er1 ... ... .. ........... . . ... .............. .. .. . ... .. . . . .. ...... .. . .. . ....
IOVAR SCRN ONSITE QUAN TI SEL ECT

OUT SCENR RITFIL GROUP
OUTFIL MODIF OPTION

01 KEY INTRO QiANGE

-
........
VARYBL

................
IF06 '

..............
RIRR

...........
ONSITE

........... .........

RPF IMO SCENf,
^ RFI RF2 MODIF

IARG IWAT RADIN
0` IDKWAT IEXT QUANTI

IAIR XQSITE RITFIL
IDKAIR XFACT OPTION
AGE XDPT INTRO
DEN XMLF CHANGE
RINH DILF SELECT
M3M7 INTRUO GROUP
IT1 IT2
NORG KORG(S)
IOUT NEXT
RPF1 RPF2
XF INHAL
IRR SRDIL

........
NVUNIT(4)

................ .............. ........... ........... ........

4.16
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3.5 Error and Racoygly

To further ease the user intoraction with the ONSITE/MAXI1 computer program,
error-checking and recovery capabilities have been added. The following
paragraphs describe the error and recovery procedures that have been built
into the ONSITE/MAXI1 computer program.

3.5.1 Error and Recovery - ONSITE

ONSITE has extensive error-checking and interactive recovery capabilities.
Most input values are tested against minimum and maximum allowable limits.
If a value does not fall within the allowable limits, the user is asked
immediately to reenter that value.

ONSITE will display error messages if an invalid file name is selected by
the user or if the program is enable to locate and access a data base file.

N4 The following messages are displayed by ONSITE. Details of the error
condition are discussed and appropriate corrective actions are suggested.

^ "Error opening radionuclide library." The program could not access the
^ radionuclide library, RMDONS. Refer this problem to the person maintaininy

tha ONSITE/MAXI1 computer package.

"Premature end-of-file discovered in library." The program expected addi-
p+ tionzl data in the master radionuclide library, RMDONS. Refer this problem

to the person maintaining the ONSITE/MAXI1 computer package.

3.5.2 Error and Recovery - MAXI1

MAXI1 generates the following error messages listed with the source-code
module in parentheses. Extended explanations and corrective actions are

^ included, if applicable.

^d DIAGNOSTIC 1: END OF FILE ON INPUT, STOP (MAIN). The program expected
additional input. Suggestion: check use of variable NEXT.

O%
DIAGNOSTIC 2: ERROR ON NAMELIST INPUT (MAIN). The program encountered an
error while reading the NAMELIST. Suggestions: check spelling of variable
names, check for proper punctuation, verify that column one is blank in
each record, and check for "EEND" terminating statement

DIAGNOSTIC 3: ERROR IN NUMBER OF NUCLIDES. INPUT, NONUC= nl, MAXIMUM
ALLOWED IS n2 (MAIN). The program attempts to read NONUC radionuclide data
records. Suggestions: verify that NONUC equals the number of radionuclide
inventory records, check that NONUC is not greater than the maximum
allowed, and verify format of NONUC record (15?).

4 3.77
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Table 43-3. MAXI1 Cox.aon Block Definition and Usage (Continued)

Cemon
Blxk
ur-s,o Nartxhtes - U-€PSd by wdul®

FREAU ELTLS(100) NYRL MAIN
AWLS(100) NYRS DFREAD
ELTX(100) NORGL SETDAT
AWX(100) NORGS
DFXT(100) NISOL
ELTA(100) NISOS
MAKIN) NYRW
ELTW(100) NYRA
AkW(100) NORGW
ELTDX(100) NORGA
AWDX(100) NISOW
DFDXT(100) NISOA
NISODX

JUNK DO
...... .....MAItt...... .PADOS

In ANDOS QAPAG'e
IT2 MAXDOS
TITLEI(20) OUTPUT

......
MXTIM

.................
MAXTIM(5)

............. ...............
MAIN

.......

MAXD(5) MAXDOS
0(!TPUT

......
RLIB

.................
ELT(300)

.............
NCRST(200)

...............
MAIN

.......

AW(300) IFR(2,300) RLIB_*N
TR(300) DKF(2,300) SETDAT'
NUC IMwM(300)
NCNN(300) NCH
NOF}!UC(200)

......
THIRDS

.................
CK(50)

.............
IAIR

...............
MAIN

.......
OAPM;E

AML(S0) IDKAIR AIRDIS SETDAT
XQSITE IBLOW PADOS

......
TITLS

...............
TIT20(13)

.......
TIT24(13)

...............
DFREAD

.......

TIT21(13) TIT25(13) OAFAGE

......
TIT22(13)

..................
TIT27(13)

............ ............... .......

4.15
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DIAGNOSTIC 4: END OF INPUT FOR THIS RUN, NOFLMAL TERPlINATION (MAIN). This
message is not an error condition; this message is printed to indicate a
successful completion of the uxocution.

DIAGNOSTIC 5: DECAY CHAIN nl NAS INFS20PER ORDER. CURRENT kEMBER INDEX IS
n2. (RLIBIN). This massage indicates a problem with a decay chain organi-
zation while reading the master radionuclide library. Its occurrence
indicates that (1) an unsuccessful update was made to the library, or (2)
that the file has been corrupted. In either case, rotor the problem to the
person maintaining the data base.

DIAGNOSTIC 6: IM,PROPER NinuEER OF NUCLIDES IN kASTER LIBRARY, NUC • n
(RLIBIN). The program expoctud to find n records in the radionuclide
master library. This message indicates that (i) an unsuccessful update was
made to the library, or (2) that the ftle has boon corrupted. In either
case, refer the problem to the person maintaining the eata base.

W
DIAGiOSTIC 7: END OF FILE ON MASTER LIBRARY UNIT 10. STOP (RLIBIN). The
bro3ram expected additional records in the master radionuclide library.
This message indicates that (1) an unsuccessful updato was made to the
library, or (2) that the file has boen corrupted. In either case, refer
the problem to the person matntatning the data base.

^ DIAGNOSTIC B: NM53ER OF ISOTOPES FOR DFREAD OUT OF BOUNDS followed by five
W values which are:

in First value - (NISOL) number read in File 20 for leaf ORFs.
Second value -(NI50S) number read in File 21 for soil DRFs.

IF Third value - (NISOX) number read In File 22 for oxternal-exposure DRFs.
Fourth value - (NISOA) number read in File 24 for aquatic-food DRFs.

t14 Fifth value -(NISdt) number read in Fiie ZS tor drinking-water DRFs.

- (DFREAD). There is an error in one of the dosri rate factor files. The
number of isotopes listed in the file does not agree with the specified

LV number also read from the file.

OS DIAGNOSTIC 9: NUMBER OF YEARS FOR DFREAD OUT OF BOt1NDS followed by four
values which are:

First value - ( NYRL) number read in File 20 for leaf DRFs.
Second value - ( NYRS) number read in File 21 for soil DRFs.
Third value - ( NYRA) number read in File 24 for aquatic-food DRFs.
Fourth value - ( NYRW) number read in File 25 for drinking-water DRFs.

(OFREAD). One of the dose rate factor files is in error. The number of
years listed does not correspond to the number of years specified in the
beginning of the file.

3.78
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Table 4.3-3. MAXII Corewn Block Definition and Usaga

CoEEMn
81oclc
-" Vxr1mh ltr; Its.sd by Wl10

• DATA1 ELTO(50) IFOD MAIN
AWO(50) IARG AIRDIS
IOFNllC( 5:t) IteAT ANDOS
NONUC DK(2,50) DFREAD
IFRM(2.50) RIRR INSET
AL(50) RPF OUTPUT
AM(50) XMLF PADOS
SOILCN(50) DILF QAPAGE
ICHN IMO SETDAT
AMI(50) DEN SOLCON
AMJ(50) IEXT WATER

f`.:
......... ................ ........... ......................

^ DATA2 DFDOS(50,50,5) MAIN
_ AiDOS(50,50,5) INSET

INDOS(50,5015) PADOS
gD DEXT(50) SETOAT

ARGF(50.50,5)
ARD6!(50,50,5)
DEDXT(50)

......... ................ ........... ......................

(y DOSE1 EXDOS(50,50) MAIN
AEXDOS(5O) ANDOS

-^ FDOS(50.50,5) MAXOOS
FADOS(50,50,5) OUTPUT

LV DADOS(50.50,5) PADOS
ARDOS(50,50,5)

0% DitDOS(50,50,5)
AFDOS(50,5)
ADADOS(50,5)
ADOS(50,5)
AARDOS(50,5)

.........

ADWDOS;50.5)

................. .......... ......................

.

4.14
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DIAGNaSTIC 1J: N(M€R OF CRGA+NS CUT OF B(kfMS FOR DFREAD folloeed by four
values which are:

First value -(1EORGL) number read In File 20 for leaf DRFs.
Second valuo -(NOMS) number read in File 21 for soil CRFs.
Third value -( N4R8A) number read in File 24 for aquatic-food DRFs.
Fourth value -( NORSW) numbor read in File 25 for drinking-uater DRFs.

(DFREAD). One of the dose rate factor files is in error. The number of
organs listed does not correspond to the number of organs specified at the
buginrring of the file.

DIAGNOSTIC 11: UNIDENTIFIED NUCLIDE name ( IDNUC). The program did not
find a radionuclide with this name when it checked the master radionuclide
library. Suggostions: chock spelling of name and verify that "name" is
tncluded in tl•e master radionuclide library ( chacking both sections of the
library).

DIAGNOSTIC 12: THERE ARE UNICENTIt1cD NUCLIDES. ISTOP - n(IDN(C). This
message will appear after Diagnostic 11, giving the total number (n) of
radionuclide names that wore not Identified in the master radionuclide
library. The program will not execute until all name discrepancies have
been resolved. Be sure to change the number of radionuclides ( NONUC) if
any radionuclides are eliminated at this t!mst.

(ry DIAGNOSTIC 13: TOO 6tA^!Y NUCLIDES ATTENPTED IN SUBROUTINE SETDAT. INUC e n
(SETDAT). More than the maximum allowable number of radionuclides were
encountered. This may have been caused by the automatic buileing in of
daughters into the decay chain by the program.

C%9
DIAGNOSTIC 14: TEST INUC.NE.NON(1C=END - PNTO ( PNTO). This error condition

- occurs when number of radionuclides encountered does not equal the maximum
Index set.

CV

3.6 References
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ARRRG and FOOD - CemTuter Proorams for Calculating Radiation Dose to
Pan from Radionuclides in the Environmen . PNL-3180. Pacific Northwest
Laboratory, Richland. Washington.

U.S. Nuclear Regulatory Commission ( NRC). 1977. Calculation of Annual
Doses to (dan From Routine Releases of Reactor Effluents for the Purpose
of Ev tinoQg,mpliance with 10 CER Part 50, Aopendix I . Regulatory
Guide 1.119, Pev.l, U.S. NRC, Washington, D.C.
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S`J

CY%

V
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TIT21
TIT22
TIT24
TIT25
TIT27
TITLDI
TITLEI
TITLR
TR
x

Arr4y Nae^s

A
ANS
AWI
CL
E
ELTI
EXTFAC
GNAME
IDORG
IS
KORG
NS
NSOLD
NVU
NVUNIT
ORG
Q
Cl
QJ
OK
TITL
UNITS
WHERE

..• - . ......... . ^..^^.. .. .Yfi ^ . ..w ^_.

Table 4.3-1. MAXI1 Data Arrays (Cont4naod)

N!ambor of

(13) T1TLR
(13) TITLR
(13) TITLR
(13) TITLR
(13) TITLR
(15) MAIN, OAPfGE
(20) JUNK
(20) MAIN, OAPAGE, RLIBIN
(300) RLIB
(100000) MAIN

Tab13 4.3-2. ONSITE Data Arrays

NUC7b3r of C0mOTI

El=-An s BTc:ek. Ma.:

(300) RADIN
(2) OPTION
(100) INV
(3) RADIN
(300) RADIN
(100) INV
(2,4) ONSITE
(2) ONSITE, MODIF, GROUP
(5) RADIN
(2) RADIN
(5) VARYBL
(5.300) RADIN
(5,100) INV
(4) DESC
(4) VARVBL
(23) RADIN
(100) INV
(100) INV
(100) INV
(100) INV
(20) DESC
(2,3) DESC
(3,2) OIIANTI

4.13
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4. PROGRA4`31I4%3 DETAIL

The inforr.:ation in this section is not necessary for a theoretical or
ope:ational understanding of tre OttSITE/tdAJCII computer software package.
It is included for those who wish to gain a better understanding of the
structure and organization of the c,>T.puter codes and for the progra-mmer who
must maintatn or modify the software packag.o.

The organization of the code modulos and descriptions of all modules are
presented In this section. Flow charts of the progra.s control and simula-
tion control are Included. The use of the data arrays. aUMr;r.n Diocks• and
data constants is tabu)ated for each of the programs. The organization of
the tnput files Is presented and tne parar..eters of MAXII that are not
reviewed by 0USITE are tdentified and descrtbed.

C:) 4.1 4i1 ra rch +nd S r^EL85r.:am̂ ___ YJ t-.sCLuLt'

^ ONSITE/MAXI1 is a package of two separate computer codes and a data base.
All the computer codes have been designed In modular fashion and are written
to meot lddSI-FORTRAN-77 standards. The hierarchical organization of code
modules is presented graphically followed by tables describing each module.

on MAXII is controlled by the module named MAIN and calls twenty-one sub-
routines and one function. The code module ytorarchy of MAXI1 Is presented

lrl in Figure 4.1-1. Descriptions of the modutes are given in Table 4.1-1.

.'Ir

gy Ta"e 4.1-1. MAy.ll Module Sur.rnary

^. Module Namn Va1ar fsimt.tonand _-.^rr5g1'ton of 4toc!uls

t\} ACHAIN Calculates radiological decay for one radionuclide
chain. (Subroutine called by SOICON and WATER.)

Q`
AFACT Calculates a resuspension factor using the

Anspaugh model. (Subroutine called by PADOS.)

AIRDIS Decays the atmospheric release source term, if
necessary. (Subroutine called by PADOS.)

ANDOS Calculates annual doses. (Subroutine called by
MAIN.)

.
ASUM Sums the terms of an array. (Function called by

ACNAIN.)

4.1
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Array Naaaa

DK
DKF
DWDOS
ELT
ELTA
ELTDX
ELTI
ELTLS
EL TO
ELTX
EXOOS
EXMO
FADOS
FDOS
FR
IDORG
IFR
IFRM
IFRM
IMEM
INDOS
IOFNUC
IT
K
KORG
KORGA
KORGLS
KORGW
MAXO
MAXTIM
NCHN
NFLAG
NFLAGC
NOFNUC
NSOLD
NTR
ONA
ONAME
r
OAPR
QI
0.1
OK

SOILCN
TIT20

Table 4.3-1. MAXI1 Data Arrays (Continued)

N6mber of Cae mon
1..^ n Block E+uctu7e Location

(2,9) ACHAIN
(2,300) RLIB
(50,50,5) DOSE1
(300) RLIB IDNUC
(100) FREAD
(100) FREAD
(50) MAIN, IDNUC, SETDAT
(100) FREAD
(50) DATAI PNTO
(100) FREAD
(50,50) DOSE1
(9) ACHAIN
(50,50,5) MAIN
(50,5015) DOSE1
(2) RLIBIN
(5) INSET
(2,300) RLIB
(2,50) DATA1
(2,9) ACNAIN
(300) RLIB
(50,50,5) DATA2
(50) DATA1
(2) RLIBIN
(1) ZEROI
(5) MAIN, INSET, 0TPUT, QAPAGE, SETDAT
(5) MAIN, OFREAD, SETOAT
(5) MAIN, CFREAD, SETDAT
(5) MAIN, DFREAD, SETDAT
(5) MXTIM MAIN
(5) MXTIM
(300) RLIB IDNUC
(300) MAIN, IDNUC, SETDAT
(200) MAIN, IDNUC, SETDAT
(200) RLIB
(5,50) MAIN, SETDAT
(5,50) MAIN, INSET, QAPAGE, SETDAT
(5) OUTPUT
(23) OUTPUT, QAPAG E
(50) MAIN, SETDAT
(50) MAIN, OAPAGE, SETDAT
(50) MAIN, SETDAT
(50) MAIN, SETUAT
(50) THIRDS
(50) DATA1 PNTO
(13) TITLR

4.12
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Table 4.1-1. M.AXI1 Module Sunmary ( Continued)

^§ule A(.='^ &2ofor Ff^„r^ ^ an^ C^•E-r',p cn of bisn9ule

DFREAO Reads dose rate factor libraries, except
inhalation. (Subroutine called by MAIN)

DUMMY Reads past unused entries in tnF.alatinn dose rate
factor library. (Subroutine cal"ed by INSET.)

ItlNUC Identifies tnput radionuclides In the inventory.
(Subroutine called by MAIN.)

;NSET Reads the tnhalation dose rate factor library.
_ (Subroutine calleo by MAIN.)

M.AIN Controls library and parameter input, data organ-
° ization, dose calculations, report printing and

successive case handling. (Controlling module.)

v
MAXDOS Calculates maxdmum annual dose. (Subroutine°

called by MAIN.)

)+LOAD Calculates a mass-loading factor. (Subroutine ^
ln called by PADOS.)

OUTPUT Prints report of results. (Subroutine called by ^
MAIN.)

PADOS Calculates pathway doses. (Subroutine called 4
by MAIN.)

PNTO Prints the resulting time depen3ent soil, air.
irrigation-water and drinking-water

p^ concentrations. (Subroutine called by PADOS.)

QAPAGE Prints a report of input variables. (Subroutine
called by MAIN.)

ROSUB Initialfzes inventory arrays and sets input
inventory data into arrays. This subroutine is
used only when special option Is set. (Sub-
routine called by MAIN.)

• (

,
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An attempt has been made to use vari able and zsodulo names consistently
throughout the package.

Table 43-1. MAX1I Data Arrays

NcarSer of Ccemon
Arraq Nŷ t'1 _ . .n c B•[ck H.ndulo Loca t,m

A (1) ASUN. SUWPRD. ZEROR
A (45) ACHAIN
AARDOS (50,5) DOSEI
ADADUS (50.5) DOSEI
AOWDOS (50,5) DOSEI
AEXDOS (50) DOSE1
AFDOS (5015) DOSE1
AIOOS (50,50.5) DATA2^
AIRCON (50) PADOS. PNTO
AIRFA (50) AFACT, F^OAD. PADOS,

^ AL (50) DATAI
AL (9) ACNAIN

- A4 (50) DATA1
^ AM (9) ACtIAIN

A^,'I (50) DATAI PNTO

CD
A;4) (50) DATAl PNTO
AV (50) PADOS, WATEP., SOLCON

^ AP!_ (50) 'HIRDS
MM (50) PADOS, SCLCON. AIRDIS
AMT (50) PAOOS. PNTO, SOLCON
AO (9) ACiiAIN, PADOS, SOLCON

04 AROOS (50,5015) DOSE1
ARDW (50.5015) DATA2

- ARGF (50.5015) DATA2
AW (300) RLIB IDNUC

y^ AWAW (100) FREAD
AWOX (100) FREAD

a. AWI (50) MAIN, IDNUC, SETDAT
AWLS (100) FREAD
AWO (50) DA7A1 PNTO
AW;& (100) FREAD
AYX (100) FREAO
B (1) SU(PRD
DADOS (50.5015) DOSE1
DEDXT (50,50,5) DATA2
DEXT (SO) DATA2
DFDOS (50,50,5) DATA2
DFDXT (100) FREAD
DFXT ( 100) FREAD
DIN (3.50.5) INSET
DK (2,50) OATA1

4.11
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Table 4.1-1. 6tAXI1 Module Summary ( Continued)

, 1^1^^te F1F^ F.®lor F,nrtiay and CP5sript4o:a ®f EEaa(ul^a

RLIBIN Reads master radionuclide library with chain
decay. (Subroutine called by MAIN.)

SETDAT Stores data for this radionuclide in arrays
(Subroutine called by MAIN.)

SOLCON Calculates the soil concentration accounting for
both radioactive decay and deposition of radionu-
cl ides in irrigation water. ( Subroutine cal led
by PADOS.)

WATER Decays the water release source term, if
necessary. ( Subrjutine called by PADOS.)

ZEROI Initializes an integer array to zero. (Sub-
routine called by IDNUC and SETDAT.)

L1[
ZEROR Initializes a real array to zero. ( Subroutine

^ called by SETDAT, INSET, PADOS, ANDOS, and
b1AXDOS.)

CHANGE Query if user requests parameter value change; and
if so, input new value, test if within allowable
limits, and repeat if not accepted. ( Subroutine

CO cal led by ONSITE, RADIN, Qi1M1TI, and MODIF.)

)<r)
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C^d

LV

O^

Query for ratio of concentration in surface to subsurface soil,
if applicable.

Query for input units, radioactivity and area.
Query for surface/buried waste dilution factoi•.
Input site size ar.d calculate area correction factor.

Do until user is satisfied with scenario.

Initialize radionuclide quantity arrays.
Read in allowable radionuclides list with solubiltties.
Set flag if review/modify of translocation classification selected.

Do while element name <> 1199":

Input element name and atomic number.

no Match in libra ? yas

Do until valid name input: Set radionuclide into array.

yes Check solubility? no

For each selected organ:

Display translocation class for soluble and
insoluble state for this element.

Display default class for, this organ.
Query if change desired, and if so,

input new value. null

Input source term for each appropriate pathway.

Display inventory report and allow modification.

Do until user is satisfied with the inventory.

Write MAXI1 input file.

Figure 4.2-3. ONSITE Program Flow Chart (Continued)

4.3 Pronram Data tt¢tL Data Structur DS.

This section contains tables of the data arrays, common block definition
and usage, and data constants for MAXI1 and ONSITE. The arrays are identi-
fied and their locations given in Tables 4.3-1 and 43-2. Common block
usage is described in Tables 43-3 and 43-4. Data constants are identified
and the assigned values are listed and described in Tables 4.3-5 and 4.3-6.
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INSET ROSUB Rl!BIN OAPAGE SETOAT IONUC

OUMMY ZEROR OFREhO ZEROR ZEROI

PACOS

AIROIS ZEROR SO!CON YATER AFACi MLOAOPNTO

r ACHAIN

Ca

ASUM

^ ANCOS MAXOOS OUTPUT

ZEROR
_

Figure 4.1-1. MAXI1 Design Hierarchy

The interactive program ONSITE is organized into twelve modules; ONSITE,
the control program, and 11 subroutines. Figure 4.1-2 depicts the module

.t^
hierarchy of ONSITE. Table 4.1-2 presents a summary of the modules.
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Display introductory messages and identify program.

Display menu of scenarios and query for user's choice.

Menu sele-tion:
1 2 3 4 5

Print Print Print Print Print
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

description. description. description. description. description.

Do until user is satisfied with scenario selection:

Establish default parameters for selected scenario.
Query user for title.

Query for beginning year of calculation.
Display ending year of calculation.

Do until user is satisfied with time period selection:

yes Scenario 5 ? no

Display pathway options with defaults.
Query for user's changes. null

Display detail of report option; query for user's changes.
Query for location of buried/stored waste.
Query if user wishes to use all default values for scenario.

yes Modifications? no

For each group of parameters:

Query for change in this group.

yes Modify? no

Display each parameter description & value.
Query for change.

yes Change? no

Input new value.
Test if within allowable limits. nuil null null

Figure 4.2-3. ONSITE Program Control Flow Chart
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ONS I TE

GROUP I I SCENR I I CHANGE I I RITFIL I I OPTION

INTRO I I MODIF DISINV

SELECT ( I GROUP I I CHANGE I I GROUP I I RAOIN

QUANTI II CHANGE

I CHANGE

Figure 4.1-2. ONSITE Design Hierarchy

Table 4.1-2. ONSITE Module Summary

REoQuta N2= Mair.r Function and Dec«:rip ti on of P4odule

DISINV Display report of radionuclide inventory and
control modification and additions to the
inventory. (Suoroutine called by ONSITE.)

GROUP Query if user wishes to review/modify any of a
given collection of parameters. (Subroutine
cal led by MODIF, ONSITE, an.; DISINY.)

INTRO Display introductory message, instructions, and
scenario descriptions on screen. (Subroutine
called by ONSITE.)
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Initialize arrays.
Set time fndtces.

For each time step:

< If ACE ts >_ 0.0

Calculate resuspension using Calculate resuapension using
mass-loading model. F^isoaugh model.

For each radionuclide chain:

yes Prior butld-up? no

Calculate air and water ccncontrattons tf prfor to
start of scenario. null

Calculate soil concentration.

yes Decaying source7 no

Calculate air concentration, if considered.
Calculate water concentratfon, if consldered, null

For JNUC a I to J:

yes eenario started.' no

Calculate air concentration.
Calculate external dose.

For all organs:

For all time steps:

Calculate internal pathway doses from
surface/buried soil & food crop leaves.

then ^.^ f irrigated else

Caiculate irrigation leaf
deposition. null

Calculate total doses for each radio-
nuclide and organ.

return

Figure 4.2-2. MAXI1 Dose Calculation Flow Chart
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Table 4.1-2. ONSITE Module Summary (Continued)

Module Na7a Ma;tor Fnrnction anR Dn5trtpt9en of Module

MODIF Display for review and/or modification applicable
parameters for each scenario; establish modified
parameter values. (Subroutine called by ONSITE.)

ONSITE Control program functions and review general
parameters. (Controlling module.)

OPTION Allow user to modify selected pathway options in
a user-created scenario. (Subroutine called by
ONSITE.)

QUANTI Input source terms for each radionuclide.
(Subroutine called by RADIN.)

RADIN Input and test radiological source term; allow
modification of translocation indices, if selected.
(Subroutine called by ONSITE and DISINV.)

RITFIL Write MAXI1 input file. (Subroutine called by
ONSITE.)

SCENR Establish default parameters for the selected
scenario. (Subroutine called by ONSITE.)

SELECT Display menu of scenario selection and input userr:
choice. (Subroutine called by INTRO.)

4.2

The logic of the computer programs in the ONSITE/MAXI software package is
depicted using flow-charting techniques described by Chapin (1974). The
reader is presented concise overviews of the program control logic and the
calculation control logic. Detailed flow charts are not provided for the
following reasons: 1) the codes are modularly designed, 2) the logic within
each module is readily apparent, and 3) each module is enhanced with com-
ments. Figure 4.2-1 depicts MAXI1 program control logic and Figure 4.2-2
summarizes MAXI1 dose calculation logic. The program logic of ONSITE is
charted in Figure 4.2-3.
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Read master radionuclide library and establish defaults.
Read title for this case; read NR.MELIST input.

yes NEXT<>4?

yes t1EXT<>3? no

IB0=?

Read yes ---.^ _,t:EXT=1 no
inventory
from Read IRR. IBLOW from input. null
input. ---

Read inventory year, titlu and
inventory from special file. null

Adjust inventory.

yes NEXT<>51 no

Identify and check inventory. Store
Get time and date from system. new
Store radiological decay data. inventory.
S;.ore dose rate data in appropriate chains.

no i

Print input values report.
Calculate air concentrations from offsite source.
Calculate pathway doses. (See Figure 4.2-2).
Calculate annual doses; determine maximum annual doses.

yes Yearly reports? no

Print report, null null

Figure 4.2-1. MAXI1 Program Control Flow C art
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